
SECTION V 

CONSTRUCTION, MAINTENANCE, AND INSPECTION 

1. C o n s t r u c t i o n  

Probably  t h e  m o s t  c r i t i c a l  s t a g e  i n  c o r r o s i o n  c o n t r o l  i s  

t h e  c o n s t r u c t i o n  of  t h e  p i p e l i n e .  Th i s  i n c l u d e s  t r e n c h i n g ,  

l a y i n g ,  and connec t ing  t h e  p i p e ;  c o a t i n g ;  f i l l i n g  t h e  t r e n c h ;  
z 

- and i n s t a l l i n g  c a t h o d i c  p r o t e c t i o n .  O f  c o u r s e ,  b e f o r e  one can 

i n t e l l i g e n t l y  p l a n  a c o r r o s i o n  p r o t e c t i o n  system,  it is adv i s-  

a b l e  t o  make a c o r r o s i o n  survey  on t h e  p a t h  the p i p e l i n e  w i l l  

t ake .  'The importance of s o i l  r e s i s t i v i t y ,  s o l u t e s ,  m o i s t u r e ,  

e t c . ,  on c o r r o s i v i t y  has  been no ted  p r e v i o u s l y .  It i s  a lmos t  

e s s e n t i a l  t o  have d e t a i l e d  s p e c i f i c a t i o n s  f o r  a l l  a s p e c t s  of  

t h e  c o r r o s i o n  p r o t e c t i o n  sys tem a s  p a r t  of t h e  c o n s t r u c t i o n  

c o n t r a c t  . 
The p r e v a l e n c e  of i n t e r f e r e n c e  between c a s i n g s  under road- 

ways and roadbeds  and c a t h o d i c a l l y  p r o t e c t e d  p i p e l i n e ;  h a s  been 

mentioned e a r l i e r  ( 2 2 , 6 6 9  c a s i n g s  s h o r t e d  and 302 Leaks i n s i d e  

c a s i n g s  r e p o r t e d  by t h e  companies s u r v e y e d ) .  The research and 

t e s t  r e s u l t s  r e p o r t e d  i n  Reference 559 i n d i c a t e  c o n s i d e r a b l e  

p r o g r e s s  toward e l i m i n a t i o n  of t h e  requ i rement  f o r  c a s i n g  p ipe-  

l i n e s  under roadbeds ,  i . e . ,  the re  i s  ev idence  t o  s u p p o r t  t h e  

c o n t e n t i o n  t h a t  c a s i n g s  are unnecessary  f o r  s a f e t y  and a r e  

harmful  i n  terns of c o n t r o l l i n g  c o r r o s i o n .  The f o l l o d i n g  comment 

from t h e  q u e s t i o n n a i r e  i s  of i n t e r e s t  i n  t h i s  r ega rd :  " A l l  

s t a tes  should adopt  a law s i m i i a . r  t o  C z l i f s r n i a ' s  thar ,  would 

n o t  r e q u i r e  c a s i n g s .  Our company, Lor oxe ,  has  'lad s h o r t e d  

casinqs. 4.t t h e  t i m z  t h e s e  l > n e s  w-re !_aici, :e used the best  
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i n s u l a t o r s  and seals a v a i l a b l e .  Fo r  i n s t a n c e ,  on 390 m i l e s  of 

20-22-inch p i p e  i n s i d e  26- inch c a s i n g  w e  had over 2 , 8 0 0  f ee t  o f  

c o a t e d  l i n e  s h o r t e d  t o  t h e  c a s i n g "  (Q495). 

Fol lowing v a r i o u s  s t a g e s  o f  c o n s t r u c t i o n ,  thorough in spec-  

t i o n s  are d e s i r a b l e .  Both good i n s t r u m e n t s  and w e l l  t r a i n e d  

i n s p e c t o r s  are neces sa ry .  Electrical methods can be  used t o  

de te rmine  i f  p r o p e r  i n s u l a t i o n  o r  connec t ion  between j o i n t s  

h a s  been o b t a i n e d ,  whichever i s  d e s i r e d  ( 2 2 7 ) .  I n s p e c t i o n  of 

c o a t i n g s  i s  p a r t i c u l a r l y  impor t an t .  To minimize c a t h o d i c  pro-  

t e c t i o n  c u r r e n t  r equ i r emen t s ,  g r e a t  care must be  t a k e n  t o  re- 

p a i r  a l l  h o l i d a y s .  Hol idays  i n  i n s u l a t i n g  c o a t i n g s  are normal ly  

d e t e c t e d  by " j e e p i n g , "  i n  which a h igh  v o l t a g e  e l e c t r o d e  i s  

passed  ove r  t h e  c o a t i n g .  A h o l i d a y  i s  i n d i c a t e d  by c u r r e n t  

pa s sage ,  a s  d e t e c t e d  by s u i t a b l e  i n s t r u m e n t a t i o n .  Although 

s p e c i f i c  v o l t a g e  d i f f e r e n c e s  are sometimes recommended ( e . g . ,  

403), t h e  r e a l l y  impor t an t  q u a n t i t y  i s  t h e  e lec t r ic  f i e l d .  The 

f i e l d  must b e  s u f f i c i e n t  t o  cause  a d i s c h a r g e  th rough  a i r ,  b u t  

n o t  s o  l a r g e  as t o  damage t h e  c o a t i n g .  A f i e l d  o f  1 2 0  V / m i l  

a c r o s s  t h e  c o a t i n g  h a s  been recommended ( 6 8 6 ) .  Some e n g i n e e r s  

recommend check ing  t h e  c o a t i n g  a g a i n  j u s t  a f t e r  l a y i n g  t h e  p ipe-  

l i n e  i n  t h e  d i t c h  and b e f o r e  cove r ing .  

Although e l a b o r a t e  t r e n c h  d r e s s i n g s  are n o t  n e c e s s a r y ,  i t  

i s  g e n e r a l l y  d e s i r a b l e  t o  remove l a r g e  rocks  t o  avo id  damage 

t o  t h e  c o a t i n g .  U s e  of  rock  s h i e l d s  i s  ve ry  poor  p r a c t i c e  be- 

cause  t hey  may p rov ide  good c o n d i t i o n s  f o r  m i c r o b i o l o g i c a l  

a c t i o n  and i n s u l a t e  p i p i n g  from c a t h o d i c  p r o t e c t i o n  c u r r e n t s .  

One gas  company recommended i n s t a l l a t i o n  of a Mg anode 

c 
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" i n s p e c t i o n  system" (555) .  A Mg anode w a s  i n s t a l l e d  on t h e  p i p e  

d u r i n g  t h e  f i r s t  day of c o n s t r u c t i o n  and t h e  p i p e  p o t e n t i a l  was 

r e a d  a t  t h e  end of  each day of c o n s t r u c t i o n .  A sudden d rop  i n  

p o t e n t i a l  s i g n a l e d  c o n t a c t  w i th  f o r e i g n  s t r u c t u r e s ,  s h o r t e d  cas- 

i n g s ,  or  l a r g e  s e c t i o n s  of uncoated or  poo r ly  coa t ed  p ipe .  This  

w a s  p a r t i c u l a r l y  u s e f u l  i n  l a y i n g  submarine p i p e l i n e s .  
a 

The c o n d i t i o n s  under which p l a n t  a p p l i e d  c o a t i n g s  o r  over-  

t h e- d i t c h  a p p l i e d  c o a t i n g s  were p r e f e r r e d  a r e  l i s t e d  i n  Tables  

36 and 37, r e s p e c t i v e l y ,  f o r  t h e  companies surveyed.  Some r ep-  

r e s e n t a t i v e  s t a n d a r d s  and s p e c i f i c a t i o n s  f o r  c o a t i n g s  and t h e i r  

a p p l i c a t i o n  are  l i s t e d  i n  Table  3 8 .  

TABLE- 35 
C O N D I T I O N S  UNDER WHICH PLANT APPLIED COATINGS ARE PREFERRED 

Condi t ion  Number of  Companies 

All c o n d i t i o n s  6 2  

S m a l l  jobs 35 
Urban areas, poor r i g h t  of  way, and where 

submarine c o n s t r u c t i o n  methods are used 27 
Whenever economical 1 5  

S m a l l  s i z e s  1 5  
Winter t ime c o n d i t i o n s  1 0  

F l a t  t e r r a i n  7 

New c o n s t r u c t i o n  5 
When u s i n g  t h i n  f i l m  epoxy o r  po lye thy l ene  c o a t i n g s  

When p rope r  handl ing  i s  a s s u r e d  3 
Cased highway c r o s s i n g s  2 

Rugged t e r r a i n  2 
C e n t r i f u g a l l y  spun p i p e  I 

When used f o r  pumping s t a t i o n  p i p i n g  1 

5 

- 

* 1 



TABLE 37 

CONDITIONS UNDER WHICH OVER-THE-DITCH APPLIED COATINGS A m  PREFERRED 

Condition Number of Companies 

None 76 
Open country,  c r o s s  country 29 
Large jobs ,  long l i n e s  25 
Large p ipe  s i z e s  1 8  
Where considered economical 18  

1 6  A t  f i e l d  j o i n t s  

Rocky rugged t e r r a i n  1 5  
Summertime condi t ions  11 
Jobs requ i r ing  l i t t l e  handling of t h e  coated p ipe  

Recoating on replacement 9 
1 0  

Shor t  runs ,  odd s i z e s ,  o r  extremely heavy s e c t i o n s  8 
Under a l l  condi t ions  8 

N e w  cons t ruc t ion  p r o j e c t s  7 
I n  t h e  v i c i n i t y  of pumping s t a t i o n s  1 
When work is  done by an experienced c o n t r a c t o r  1 

Table 39 l i s t s  t h e  f i e l d  p r a c t i c e s  used by t h e  companies 

surveyed t o  ensure good coat ings .  

TABLE 39 

FIELD PRACTICES USED TO ENSURE GOOD COATINGS 

Practice N u m b e r  of Companies 

F i e l d  inspec t ing  356 

Holiday d e t e c t i n g  3 2 2  

Rock s h i e l d i n g  248 

Sand b a c k f i l l i n g  i n  rock areas 279 

Most of t h e  companies surveyed used high molecular weight 

polyethylene jacketed  copper c a b l e  fo r  ca thod ic  p r o t e c t i o n  con- 

ductors .  The t h e r m i t  process was used by 309 companies t o  a t tach  
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TABLE 3 8  

STANDARDS AND SPECIFICATIONS F O R  COATINGS 
Type of 

Par meters Coat ing Organ iza t i on  Date Ref.  

A p p l i c a t i o n  
A p p l i c a t i o n  
A p p l i c a t i o n ,  i n s p e c t i o n  

A p p l i c a t i o n  procedures  

Adhesion 

Adhesion 
Composit ion,  we igh t ,  
s t r e n g t h  , s a t u r a t i o n  
Fungi r e s i s t a n c e  
Leakage conductance 

M a t e r i a l s ,  a p p l i c a t i o n ,  
i n s p e c t i o n  maintenance 
Materials,  a p p l i c a t i o n  

Material t h i c k n e s s ,  tear 

Coal t a r  NACE 

Var ious  UK 

Coal t a r  NACE 
enamel for marine  
e n v i r o n s  
Coal t a r  and NRPCA 
a s p h a l t  enamels 

P a i n t s  ASTM 

Bituminous AWWA 

Asbestos  NACE 
f e l t  

P l a s t i c  ASTM 

I n s u l a t i n g  NACE 

Mastics NACE 

Wrapped, m a s t i c  The Aspha l t  
i n t e r i o r  a s p h a l t  I n s t i t u t e  

F ib rous  g l a s s  NACE 
s t r e n g t h ,  b r eak ing  s t r e n g t h ,  r e i n f o r c e d  
p l i a b i l i t y ,  p o r o s i t y  p i p e  wrap 
P r o p e r t i e s  , t e s t  methods, Wax 
use  

NACE 

S t r e n g t h ,  p l i a b i l i t y ,  Bituminous NACE 
p o r o s i t y  s a t u r a t e d  

g l a s s  p i p e  wrap 

1 9 5 7  

1 9 6 6  

1 9 5 7  

1 9 6 7  

1 9 6 7  

1 9 6 6  

1 9 6 2  

1 9 6 3  

1 9 5 7  

1 9 5 7  

1 9 5 8  

1 9 6 2  
1 9 6 7  

1 9 6 1  

1 9 6 2  

Surf  ace p r e p a r a t i o n  P a i n t s  Swedish s t and -  1 9 6 7  

T e s t i n g ,  a p p l i c a t i o n ,  Aspha l t  NACE 1 9 5 3  
composi t ion 1 9 5 8  

Thickness ,  b e n d a b i l i t y ,  I n s u l a t i n g  AGA 1 9 7 0  
impact  r e s i s t a n c e ,  

a r d s  A s s o c .  

- wea the r ing ,  a b r a s i o n  
r e s i s t a n c e ,  p e n e t r a t i o n ,  
thermal  a g i n g ,  c a t h o d i c  

L. d i sbond ing ,  s o i l  stress, 
wa te r  p e n e t r a t i o n ,  capa-  
c i t a n c e  

Thickness ,  u n i f o r m i t y ,  Zn, Cd 
smoothness,  b r i g h t n e s s ,  
s u r f a c e  f i n i s h  
Weights ( p e r  a r e a )  I n s u l a t i n g  

6 1 7 7  

82,708 

6 1 7 3  

4 8 0  

7 1 8  

5 8 8  

6 1 8 8  

719  

6 1 9 1  

6 1 7 9  

7 2 0  

6 1 9 2  
6 1 9 0  

6 1 8 2  

6 1 9 2  

7 3 1  

6 1 7 8  
6 1 8 0  

7 0 0  

UK,USA,Germany 1 9 6 3  2 4 3  

1 9 6 6  4 8 1  NAPCA 
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t h e  conduc tor  t o  t h e  p i p e  (Table 4 0 ) .  For h i g h  s t r e n g t h  (X52 or 

above) steel p i p e  t h e  t h e r m i t  p r o c e s s  w a s  l i m i t e d  g e n e r a l l y  t o  a 

15-gram c a r t r i d g e .  One hundred and t h r e e  companies a p p a r e n t l y  

have used X-52 o r  above h igh  s t r e n g t h  steel p ipe .  

TABLE 40 

METHODS CURRENTLY USED FOR ATTACHING CONDUCTOR TO PIPE 

Method N u m b e r  of Companies 

. 

Thermit  p r o c e s s  309 

So lde r  23 

Conductor b r azed  t o  s teel  coupon 
welded t o  p i p e  87 

Bol t ed  connec t ion  4 6  

Other  22  

2 .  Maintenance 

D e t e r i o r a t i o n  beg ins  when a p i p e l i n e  i s  completed. I n  addi-  

t i o n  t o  n a t u r a l  p roces se s  such a s  l i g h t n i n g ,  man o f t e n  acceler- 

a t e s  t h e  p roces s  w i th  v a r i o u s  earth-moving machines which damage 

c o a t i n g s  and m e t a l .  Thus, r e g u l a r  maintenance i s  neces sa ry  t o  

keep t h e  p i p e l i n e  o p e r a t i n g .  I n  t h e  c r u d e s t  method, r e p a i r  is 

i n i t i a t e d  on ly  when l e a k s  m a n i f e s t  themselves .  Tab le  4 1  l i s t s  

t h e  methods used t o  r e p a i r  c o r r o s i o n  l e a k s  by t h e  companies i n  

t h e  survey .  

Repa i r  may c o n s i s t  of r e p l a c i n g  o l d  p i p e  s e c t i o n s  w i t h  new 

p i p e .  A s  p o i n t e d  o u t  ea r l i e r  new p i p e  i s  anodic  w i th  r e s p e c t  

t o  o l d  p i p e ,  and so  shou ld  b e  p r o t e c t e d  by c o a t i n g  and/or 

c a t h o d i c  p r o t e c t i o n .  Table  42 l i s t s  t h e  f a c t o r s  t h a t  t h e  s u r-  

veyed companies t a k e  i n t o  c o n s i d e r a t i o n  i n  t h e  replacement  cr 
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abandonment of cor roded  p i p e .  

TABLE 4 1  

METHODS USED TO REPAIR CORROSION LEAKS 

Method Number of Companies 

Clamps 226 

Replacement 2 0 4  

Weld l e a k  85 

A N S I  B 3 1 . 8  p rocedures  11 

Welded p a t c h e s  and o t h e r  d e v i c e s  1 0  

I n s e r t  p l a s t i c  i n t e r n a l l y  9 

Abandonment 4 

Reduce l i n e  p r e s s u r e  4 

Redwood o r  oak p lug  fo l lowed  by p a t c h  3 

D r i l l ,  t a p ,  and p lug  1 

Recaulk j o i n t s  1 

Table  4 3  shows t h e  c r i te r ia  used f o r  rep lacement  f o r  t h e  

wa te r  sys tem of a l a r g e  c i t y .  T h i s  i s  a s y s t e m a t i c  r a t i o n a l  

approach t h a t  cou ld  be  extended t o  gas  and o i l  sys tems.  

I n t e r n a l  c o a t i n g s  may be  a p p l i e d ,  p a r t i c u l a r l y  i n  l a r g e  

d i ame te r  l i n e s .  I n  one method f o r  l e a k  r e p a i r  of g a s  l i n e s  

a suspens ion  of rubber  p a r t i c l e s  i s  pumped th rough  t h e  p i p e s  
* 

and p lugs  t h e  l e a k s  ( 7 2 3 ) .  The companies surveyed r e p o r t e d  

v a r y i n g  e x p e r i e n c e  and p r e f e r e n c e  r e g a r d i n g  t h e  e f f e c t i v e n e s s  

of a v a i l a b l e  commercial s e a l a n t s  i n  r e p a i r i n g  c o r r o s i o n  l e a k s .  



TABLE 42 

FACTORS TAKEN I N T O  CONSIDERATION I N  THE FU3PLACEMRnTT 
OR ABANDONMENT OF CORRODED PIPE 

F a c t o r s  Number of Companies 

Leak h i s t o r y  

Loca t ion  of cor roded  p i p e  

Condi t ion  of p i p e  

Age of p i p e  

Opera t ing  p r e s s u r e  

P r e s e n t  and f u t u r e  p l a n s  f o r  p i p e  

Cos t  of  r e p a i r  v e r s u s  cos t  t o  r e p l a c e  

Depth/Size of p i t s  and spac ing  

S a f e t y  c o n s i d e r a t i o n s  

Ex ten t  of Cor ros ion  

Econclmics 

S o i l  res  i s t i v i t y / s o i l  Type 

Type of p i p e  

S i z e  of p i p e  

V i s u a l  i n spec t ion / appea rance  

F e a s i b i l i t y  of  c a t h o d i c  p r o t e c t i o n  

Damage t o  area and inconvenience of i n o p e r a b l e  l i n e  

P ipe  p o t e n t i a l  

W a l l  t h i c k n e s s  

Ana lys i s  o f  sample s e c t i o n  

1 4  2 

7 6  

6 8  

6 7  

47  

46  

45  

4 1  

3 9  

3 7  

36 

2 6  

2 2  

2 1  

1 8  

1 4  

9 

8 

6 

1 

i 
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TABLE 4 3  

C R I T E R I A  FOR REPLACEMENT O F  1 2 - I N C H  AND SMALLER M A I N S  (9685) 

A. Length - The s tudy  l e n g t h  used w i l l  be approximately  6 0 0  
f e e t ,  o r  one block t h e  long way, o r  t w o  b locks  
t h e  s h o r t  way. 

B. P o i n t s  Required - A minimum of 1 0  p o i n t s  w i l l  be  r e q u i r e d  
t o  j u s t i f y  r e l a y i n g .  

C .  B a s i s  f o r  P o i n t s  

1. Genera l  Cons ide ra t i ons  

. 

a. 

b. 

C .  

Age of Main 

1. ove r  80 y e a r s  o l d  
2 .  51  - 80 y e a r s  o l d  
3 .  2 1  - 5 0  y e a r s  old 
4 .  0 - 20 years  o l d  

H i s to rv  of Leaks  and Breaks 

1. Pipe  w a l l  c o r r o s i o n  leak 
2 .  B e a m  break o r  j o i n t  l e a k  

S tandards  

M a t e r i a l  o r  workmanship n o t  con- 
forming t o  s t anda rds  

2 .  Hvdraul ic  Cons ide ra t i ons  

a. 

b. 

C .  

Divergency from t h e  S tandard  Gird  

1. Two o r  more s i z e s  
2 .  One s i z e  

S m a l l  S i z e  Mains 

3 p o i n t s  
2 p o i n t s  
1 p o i n t  
0 p o i n t s  

2 p o i n t s  
2 p o i n t s  

2 p o i n t s  

2 p o i n t s  
1 p o i n t  

1. 4 "  main 
2 .  2 "  o r  s m a l l e r  mains 
3 .  3 "  main 

3 p o i n t s  
2 p o i n t s  
1 p o i n t  

Car ry ing  Capac i ty  

To be r econd i t i oned  i f  less than  5 o r h e r  p o i n t s  

Flow c o e f f i c i e n t s  (Hazen Wil l iams I'C'') : 

1. L e s s  than  75  
2 .  75 - 1 0 0  
3 .  More than  1 0 0  

2 p o i n t s  
1 p o i n t  
0 p o i n t s  



TABLE 4 3  
( con t inued )  

Head Loss p e r  1 , 0 0 0  Feet (Peak Hour Cond i t i ons )  a. 
1. More t h a n  5 f e e t  
2 .  L e s s  t h a n  5 f e e t  

2 p o i n t s  
0 p o i n t s  

3. Cor ros ion  Cons ide ra t i ons  

a. Ac tua l  Cor ros ion  of t h e  Main - ( 5  f t  running  l e n g t h )  

1. P i t s  m o r e  t h a n  75% of t h e  w a l l  
t h i c k n e s s  5 p o i n t s  

2 .  P i t s  5 0  - 7 5 %  of t h e  w a l l  t h i c k n e s s  3 p o i n t s  
3 . .  P i t s  less than  50% of t h e  w a l l  

t h i c k n e s s  0 p o i n t s  

b. S o i l  Res i s t ance  i n  Ohm Cm 

1. L e s s  t h a n  1 , 0 0 0  
2.  1 , 0 0 0  - 2 , 0 0 0  
3 .  Over 2 , 0 0 0  

3 p o i n t s  
1 p o i n t  
0 p o i n t s  

c. Galvanized P ipe  2 p o i n t s  

4 .  S p e c i a l  Cons ide ra t i ons  

Any one of t h e  fo l lowing  c i r cums tances  may, i n  themse lves ,  
be s u f f i c i e n t  c r i t e r i a  f o r  main replacement .  

1. Divergency from s t a n d a r d  dep th  
2 .  E x t r e m e  e x t e r n a l  l o a d i n g  

3 .  I n s p e c t i o n  

Tab le  4 4  i n d i c a t e s  t h e  f requency of s u r v e i l l a n c e  o r  tests  

performed by t h e  3 7 3  o p e r a t i n g  companies surveyed.  Other  t h a n  

annua l  measurements of p i p e- t o- s o i l  p o t e n t i a l  a t  t e s t  s t a t i o n s ,  

c u r r e n t  i n t e r f e r e n c e ,  and l i n e  c u r r e n t  measurements, m o s t  of 

t h e  measurements are  unscheduled,  used i n f r e q u e n t l y ,  o r  used 

on ly  on occas ions  when t h e  o p p o r t u n i t y  p r e s e n t s  i t s e l f .  

Var ious  i n s p e c t i o n  r e t h o d s  have been des igned  t o  l o c a t e  

problems b e f o r e  l e a k s  develop.  S e v e r a l  of t h e s e  are aimed 
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TABLE 44  

FREQUENCIES OF SURVEILLANCE METHODS 

Type of S u r v e i l l a n c e  T e s t  A* B T Q1 Q2 S 1  S2 01 W M U R X 0 2  

A e  r o  b i  c ba c t e r i  a 0 3 0  0 0 0 0 0 0 0 3 2  1 8  4 2  0 
Anaerobic b a c t e r i a  2 1 0  0 1 0 0 0 0 0 40 30  5 0  0 

Coating conductance survey  ( l o c a l  7 1 0  0 0 0 0 0 1 0 6 8  22 45 4 
Coating conductance survey ( l o n g l i n e )  1 2  1 0  0 0 0 0 0 1 0 6 8  1 8  4 5  4 
Coating D i s c o n t i n u i t y  Survey (Pearson)  1 0 0  0 1 0 0 2 0 1 8 2  25  7 8  1 

0 0 0 0 0 1 0 5 5  20 3 3  0 E a r t h  c u r r e n t  t e s t  (p ipe  v i c i n i t y )  6 1 0  
Line c u r r e n t  measurement 7 7  6 0  0 0 0 1 0 1 4 71  43  3 2  3 
Sur face  p o t e n t i a l  survey 

P c l o s e  i n t e r v a l  2 1  7 2  0 4 0 0 0 1 1 94 44  3 6  5 
0 1 0 0 0 0 1 6 5  2 1  26 0 Continuous 1 0  1 0  

1 9 1  3 8  1 0 1 0 0 0 3 38  11 5 3 2 0  
( a t  tes t  s t a t i o n s )  

0 0 0 0 0 0 0 2 8  4 2 9  1 Redox p o t e n t i a l  0 0 0  
0 0 0 0 0 1 1 105 7 5  4 1  7 s o i l  r e s i s t i v i t y  survey  11 1 0  
0 0 0 0 0 0 0 40 1 8  5 4  2 Chemical ana lyses  1 1 0  

Cur ren t  i n t e r f e r e n c e  59 4 0  0 1 1 0 0 3 5 89  9 0  11 7 
Other 0 2 1  0 0 0 0 0 0 1 7  3 1 3  4 

B e l l  ho l e  i n s p e c t i o n  7 0 0  0 0 0 0 0 1 0  1 7 3  1 9 2  1 8  6 
( coa t ing  and p i p e  c o n d i t i o n )  

rp 
ul 

P i p e- t o- s o i l  p o t e n t -i a l  survey  

*A = Annually W = Weekly 
B = Biannual ly  M = Monthly 
T = T r i e n n i a l l y  U = Unscheduled 

Ql = Q u a r t e r l y  
Q2 = Quinquennia l ly  X = I n f r e q u e n t l y  
S1 = Sexenn ia l l y  0 2  = Other  t h a n  t h e  above 
S2 = S e p t e n n i a l l y  
01 - Octenn ia l l y  

ii = O n  occas ions  when o p p o r t u n i t y  p r e s e n t s  i t s e l f  



a t  t h e  c o a t i n g ,  which may be t h e  p a r t  of t h e  sys tem m o s t  vu lne r-  

a b l e  t o  problems.  The g e n e r a l  c o n d i t i o n  of  an i n s u l a t i n g  coat- 

i n g  on b u r i e d  p i p e l i n e s  i s  i n d i c a t e d  by t h e  ave rage  c u r r e n t  den- 

s i t y  r e q u i r e d  f o r  c a t h o d i c  p r o t e c t i o n  or  by t h e  l eakage  conduc- 

t a n c e  of t h e  c o a t i n g  ( 6 1 9 1 ) .  A l a r g e  gas  p i p e l i n e  company 

c lass i f i es  p i p e  as "ba re"  i f  1 ampere or more i s  r e q u i r e d  p e r  

m i l e  of 3- inch e q u i v a l e n t  p i p e  (Q403) .  S p e c i f i c  c o a t i n g  de- 

f e c t s  may b e  l o c a t e d  by s e v e r a l  i n s t rumen t s .  One of t h e  most 

common i s  t h e  Pearson h o l i d a y  d e t e c t o r  ( 6 0 ) .  G e n e r a l l y ,  an  

o p e r a t o r  walks a long  t h e  p i p e l i n e  w h i l e  audio- frequency c u r r e n t  

i s  conducted t o  ground through m e t a l  c leats  i n  h i s  shoes .  A 

second o p e r a t o r  w a l k s  20 f e e t  behind w i t h  an aud io  d e t e c t o r .  

Sudden i n c r e a s e s  i n  s i g n a l  occu r  when even a s m a l l  h o l i d a y  i s  

p r e s e n t .  Exper ience i s  needed t o  unders tand  t h e  s i g n a l  f l u c t u a-  

t i o n s  and t o  l o c a t e  f l aws  i n  t h e  c o a t i n g  ( 6 0 8 ) .  

A s u r f a c e  p o t e n t i a l  survey i s  u s e f u l  f o r  r e v e a l i n g  "ho t  

s p o t s "  i n  sys tems n o t  having c a t h o d i c  p r o t e c t i o n .  I n  one pro-  

cedure  t w o  CuS04 e l e c t r o d e s  are connected t o  a po t en t iome te r  

( 6 0 1 ) .  The rear e l e c t r o d e  i s  p l aced  d i r e c t l y  over  t h e  l i n e  and 

t h e  l e a d  e l e c t r o d e  extended d i r e c t l y  over t h e  p i p e .  The elec- 

t r o d e s  are t h e n  " leap- frogged"  one s e p a r a t i o n  d i s t a n c e  u n t i l  

t h e  survey  i s  completed.  Corroding s e c t i o n s  of  p i p e  are i n d i c-  

a t e d  by s h a r p  peaks  o r  changes of p o l a r i t y .  - 

P o t e n t i a l  su rveys  may a l so  b e  performed by p a s s i n g  a r o l l i n g  

e l e c t r o d e  a long  t h e  p i p e ,  w i t h  t h e  o t h e r  s i d e  of t h e  p o t e n t i o-  

m e t e r  connected d i r e c t l y  t o  t h e  p i p e .  I f  a r e c o r d e r  i s  a t t a c h e d  

by g e a r s  t o  t h e  r o l l i n g  e l e c t r o d e ,  t h e n  p o t e n t i a l  v e r s u s  d i s t a n c e  
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i s  a u t o m a t i c a l l y  d i s p l a y e d .  I t  has  been p o i n t e d  o u t  t h a t  poten-  

t i a l  su rveys  cannot  d e t e c t  s m a l l ,  l o c a l i z e d  c o r r o s i o n  c e l l s ,  

which would be  expec ted  on b a r e  p i p e l i n e s  ( 6 1 7 2 ) .  

C a r e  must be  t aken  when e lec t r i ca l  c o n t a c t  must be  made d i r -  
* 

e c t l y  t o  t h e  p i p i n g .  Probes  cause  h o l i d a y s ,  and i f  b r i g h t  metal 

i s  c r e a t e d  by s c r a t c h i n g  it may co r rode  r a p i d l y ,  be ing  anodic .  A 

b e t t e r  approach i s  t o  i n s t a l l  t e s t  r e f e r e n c e  l e a d s  on t h e  p i p i n g  

a t  t h e  t i m e  o f  c o n s t r u c t i o n .  

U n f o r t u n a t e l y ,  methods r e q u i r i n g  e lec t r i ca l  c o n t a c t  t o  t h e  

s o i l  are  d i f f i c u l t  t o  u s e  when t h e  p i p e  p a s s e s  under c o n c r e t e  

o r  rock. Thus, methods have been dev i sed  n o t  r e q u i r i n g  elec- 

t r i c a l  c o n t a c t  o f  an e l e c t r o d e  t o  t h e  s o i l .  I n  one method, 

pick- up loops  a r e  employed t o  detect  t h e  magnet ic  f i e l d  gener-  

a ted by c u r r e n t  f lowing i n  t h e  p ipe .  Sudden drops  i n  o u t p u t  

w i t h  d i s t a n c e  s i g n i f y  c u r r e n t  l e akage  through t h e  c o a t i n g  ( 4 0 3 ) .  

A t  t h i s  t i m e ,  t h e  b e s t  i n d i c a t o r  of p i p e l i n e  c o r r o s i o n  

appears  t o  be  close moni to r ing  and i n t e r p r e t i n g  of t h e  p i p e  

p o t e n t i a l s .  S ince  it i s  c u r r e n t  l e a v i n g  a b u r i e d  s t r u c t u r e  

t h a t  causes  c o r r o s i o n ,  t h e  optimum measurement would be  t h e  

d e t e r m i n a t i o n  of  t h e  c u r r e n t  l e a v i n g  the s t r u c t u r e .  I n  t h e  

n e a r  f u t u r e  it may be p o s s i b l e  t o  measure t h e  c u r r e n t  f low 

p a t t e r n s  i n  t h e  p i p e  by a magnet ic  g rad iometer .  The use  of a 

magnet ic  g rad iometer  may a l l ow  t h e  d e t e c t i o n  of t h e  v a r i a t i o n  

- changes i n  t h e  magnet ic  f i e l d  of t h e  p i p e  c u r r e n t  and p i n p o i n t  

l o c a t i o n ,  d i r e c t i o n ,  and ampl i tude  of c u r r e n t  f low. Addi t ion-  

a l l y ,  t h i s  i n s t rumen t  can conce ivab ly  be used a t  speeds  from 20 

t o  200 m i l e s  p e r  hour e x t e r n a l  t o  o r  i n  t h e  p i p e l i n e  ( 7 9 9 ) .  

* In t e rv i ew  wi th  A.  W. Peabody, 1 9 7 0 .  
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The i n d u s t r y  i s  i n  need of easy- to- use,  a c c u r a t e  i n s t r u m e n t s  

t h a t  combine as many c o r r o s i o n  r e l a t e d  f a c t o r s  ( s o i l  r e s i s t i v i t y ,  

pT:, p i p e  p o t e n t i a l ,  etc.)  as would be  pract ical  (Q252,  Q220,  

Q505, 4 6 0 6 ,  Q8.2, Q490,  Q 6 9 9 ) .  Automated su rveys  and remote 

i n s t r u m e n t s  w i l l  become m o r e  d e s i r a b l e  w i t h  f u t u r e  i n c r e a s e s  

i n  c a t h o d i c  p r o t e c t i o n  and i n t e r f e r e n c e  ( Q 2 8 2 ) .  * 

H y d r o s t a t i c  t e s t i n g  can b e  used t o  detect l e a k s  and corro- 

s i o n  weakened areas ( 5 9 8 ,  5 9 9 ) .  P r o g r e s s i v e l y  smaller f l aws  

are d e t e c t e d  as p r e s s u r e  i s  i n c r e a s e d .  S u r p r i s i n g l y ,  t h e  hydro- 

s t a t i c  proof t e s t  acts  f a v o r a b l y  on s u r v i v i n g  f l a w s ,  probably  

by c a u s i n g  p l a s t i c  deformat ion  a t  t h e  t i p  of  c r a c k s  and p i t s  

( 5 9 9 ) .  This  d e c r e a s e s  t h e  stress c o n c e n t r a t i o n  t h e r e  and i n t r o -  

duces  f a v o r a b l e  r e s i d u a l  stresses -- mechanical  stress r e l i e f .  

P i p e l i n e  i n t e r i o r s  can a l s o  be moni tored f o r  c o r r o s i o n .  

A magnetic survey  in s t rumen t  h a s  been developed which t r a v e l s  

i n  t h e  l i n e  and l o c a t e s  p i t t i n g  and g e n e r a l  me ta l  loss ( 3 3 5 ) .  

Small  d iameter  t e l e v i s i o n  cameras have been developed which 

t rave l  i n  t h e  l i n e .  U l t r a s o n i c  t h i c k n e s s  d e t e c t o r s  may e i t h e r  

be used i n t e r n a l l y  o r  e x t e r n a l l y  on exposed p i p e s .  

Leaks may be  d e t e c t e d  i n  several ways. The l eas t  d e s i r a b l e  

method, b u t  very  commonly used ,  i s  t o  n o t e  l eakage  when a s u f f i -  

c i e n t  amount has  t aken  p l a c e  t o  be a p p a r e n t .  I n  long  p i p e l i n e s  

l a r g e  l e a k s  a r e  sometimes n o t i c e d  by d i s c r e p a n c i e s  i n  i n v e n t o r y  

o r  t r a n s p o r t e d  p roduc t ,  i . e . ,  l ess  p roduc t  e m i t s  from t h e  pipe-  

l i n e  t h a n  i s  i n t r o d u c e d .  Leaks  can be l o c a t e d  by c l o s i n g  o f f  

s e c t i o n s  of t h e  p i p e  sys tem and obse rv ing  p r e s s u r e  decay i n  

s e c t i o n s  c o n t a i n i n g  l e a k s .  G a s  l e a k s  are s o m e t i m e s  l o c a t e d  by 
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" s n i f f i n g "  i n s t r u m e n t s  which d e t e c t  gas .  D i s c o l o r a t i o n  of vege- 

t a t i o n  i s  a l s o  used as a l e a k  i n d i c a t o r .  

The theo ry  and fundamentals  of  l e akage  t e s t i n g  a r e  d i s c u s s e d  

i n  Reference 812. T e s t  c a t e g o r i e s ,  r ea sons  f o r  t e s t i n g ,  c h o i c e  

of p rocedures ,  t e s t  p l ann ing ,  f low c h a r a c t e r i s t i c s ,  and guide-  

l i n e s  f o r  w r i t i n g  s p e c i f i c a t i o n s  are  inc luded ,  A d e t a i l e d  des-  

c r i p t i o n  of tes t  methods i s  g iven  which cove r s  t h e  u s e  of  

s t a n d a r d s ,  mass s p e c t r o m e t e r s ,  gas  d e t e c t o r s ,  p r e s s u r e  and flow 

measurements, bubble  d e t e c t i o n ,  r a d i o a c t i v e  t r a c i n g ,  h a l i d e  

t o r c h e s ,  s o n i c  methods, e l e c t r o m a g n e t i c  energy a b s o r p t i o n ,  

chemical  i n d i c a t o r s ,  h igh  p o t e n t i a l  d i s c h a r g e s ,  i o n i z e d  g a s e s ,  

t he rma l  c o n d u c t i v i t y  gages ,  and s e v e r a l  s p e c i a l  a p p l i c a t i o n s .  

An e x t e n s i v e  l i s t i n g  of c h a r a c t e r i s t i c s  and s o u r c e s  of commer- 

c i a l l y  a v a i l a b l e  l e a k  d e t e c t o r s  i n c l u d e s  add re s se s  of manufac- 

t u r e r s ,  code symbols f o r  t ypes  of equipment,  t r a d e  names, and 

c h a r a c t e r i s t i c s  of t h e  equipment. P r o p e r t i e s  of  t r a c e  gases  

and s a f e t y  measures f o r  t h e i r  u s e  a r e  a l s o  d i scusse l l .  

r 

Supplemental  o b s e r v a t i o n s  d u r i n g  t h e  i n s p e c t i o n  of corro- 

s i o n  l e a k s  by t h e  surveyed companies a r e  shown i n  Table  4 5 .  

The " o t h e r "  o b s e r v a t i o n  (Pa r t  E )  c o n s i s t e d  of p i p e  p o t e n t i a l s ,  

s t r a y  c u r r e n t s ,  l o c a t i o n  and dep th  of p i t s ,  e l e c t r i c a l  c o n t i n-  

- u i t y  of gaske t ed  j o i n t s ,  s o i l  r e s i s t i v i t y ,  and t h e  review of 

c a t h o d i c  p r o t e c t i o n  r e p o r t s  t o  de t e rmine  i f  t h e r e  had been any 

d e t e r i o r a t i o n  o r  i n t e r r u p t i o n  of c a t h o d i c  p r o t e c t i o n  p r i o r  t o  

l e a k s .  

Many companies have developed c o r r e l a t i o n s  (Tab le  4 5 ,  P a r t  

F)  w i th  l e a k  f requency and wi th  some of t h e  o b s e r v a t i o n s  made 
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TABLE 4 5  

SUPPLEMENTAL OBSERVATIONS ON THE INSPECTION O F  CORROSION LEAKS 
N u m b e r  of Companies 

- Observa t ions  Y e s  N o  

(A)  General  Condi t ion  Df Coat ing ,  i n c l u d i n g  
Bond t o  P i p e  30 4 20 

(B) S o i l  Type and/or Tex tu re  282 40 

(C)  Soi l  Mois ture  236 71  

(D) Proximi ty  of Other  P i p e l i n e s  or S t r u c t u r e s  
( P o s s i b i l i t y  o f  Ca thodic  I n t e r f e r e n c e )  269 50  

(E) Other  79 33 

( F )  Have Any of t h e s e  Observa t ions  Been 
C o r r e l a t e d  w i t h  Leak Frequency? 1 0 9  2 1 4  

d u r i n g  l e a k  i n s p e c t i o n s .  One of t h e  most common methods used 

t o  deve lop  c o r r e l a t i o n s  was t o  f i l e  a r e p o r t  when a l e a k  had 

been r e p a i r e d .  The c o n t e n t s  of  t h e  r e p o r t  g e n e r a l l y  i n d i c a t e d  

t h e  t ype  of l e a k ,  l o c a t i o n  on t h e  pe r ime te r  of t h e  p i p e ,  t y p e  

of c o r r o s i o n  caus ing  t h e  l e a k ,  s o i l  t y p e ,  s o i l  r e s i s t i v i t y ,  

amount of c a t h o d i c  p r o t e c t i o n ,  type  of r e p a i r  made, e tc .  The 

l e a k s  w e r e  p l o t t e d  by geographic  l o c a t i o n  on a y e a r l y  b a s i s .  

Over a p e r i o d  of t i m e  h o t  s p o t s  w e r e  l o c a t e d  and s o i l  resis- 

t i v i t i e s  w e r e  known by a r e a s ,  so t h a t  f u t u r e  p i p i n g  could  be  

i n i t i a l l y  l a i d  w i t h  adequa te  p r o t e c t i o n  a p p l i e d  and o l d  p i p i n g  

could  be  economical ly  scheduled  f o r  replacement  b e f o r e  s e r i o u s  

problems a r o s e .  A second coirunonly used system,  which i s  ve ry  

much l i k e  t h e  f i r s t  sys tem,  was t o  r e c o r d  t h e  s o i l  r e s i s t i v i t y  

when a l e a k  was r e p a i r e d  and ma in t a in  a graph p l o t t i n g  l e a k s  

as a f u n c t i o n  of s o i l  r e s i s t i v i t y .  A s  i n  t h e  p rev ious  system,  

t h i s  gave a b a s i s  f o r  judgment when a s e c t i o n  of p i p e  shoul’ 
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be  r e c o n d i t i o n e d  or  r e p l a c e d  and a l so  i n d i c a t e d  l e v e l s  of  p ro t ec-  

t i o n  r e q u i r e d  on new p i p i n g  by geograph ica l  area acco rd ing  t o  t h e  

s o i l  r e s i s t i v i t y .  The t h i r d  sys tem w a s  t o  p l o t  cumula t ive  leak-  

age  as a f u n c t i o n  of t i m e  on semilog graph  paper  and augment 

p r e v e n t i v e  measures when a s h a r p  i n c r e a s e  i n  t h e  s l o p e  of t h e  

graph w a s  observed .  A t h e o r e t i c a l l y  b e t t e r  method would b e  t o  

p l o t  cumula t ive  l eakage  as a f u n c t i o n  of t i m e  on log- log  graph 

paper  as i n d i c a t e d  by Equa t ion  1 0 .  The  log- log  p l o t  should  be 

l i n e a r  and may g i v e  v a l i d  e x t r a p o l a t i o n s  of f u t u r e  l e a k s .  I t  

shou ld  b e  no ted  t h a t  l e a k  d a t a  on t h e  number of l e a k s  r e p a i r e d  

d u r i n g  even ing  s h i f t s  a r e  a p t  t o  be  i n f l a t e d .  

- 

A s t a n d a r d  r e c o r d  sys tem should  b e  developed by t h e  i n d u s t r y  

a s s o c i a t i o n s  t h a t  w i l l  a l l o w  s t a t i s t i c a l  c o r r e l a t i o n s  between 

c o r r o s i o n  v a r i a b l e s  and o t h e r  v a r i a b l e s  such as l e a k  f requency 

on a r e g i o n a l  o r  na t ionwide  basis  ( Q 2 5 0 ,  0114). An e x c e l l e n t  

example on t h i s  t ype  of c o r r e l a t i o n  on 2 2 , 0 0 0  m i l e s  of  coa t ed  

p i p e l i n e s  i s  r e p o r t e d  i n  Reference 4 7 4 .  

Two t y p i c a l  l e a k  r e p o r t s  are shown i n  Tables  46  and 4 7 .  
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TABLE 46  

UNDERGROUND P I P E  INSPECTION REPORT (Q685) 
Make S e p a r a t e  Report  f o r  Each S i z e ,  Kind, and I n d i v i d u a l  L i n e  

~ 

Trunk Feeder D i s t r i b u t o r  

S i z e  Calvan i  zed- C a s t  
Kind: S t e e l  C .A.  Conc. I r o n  
Date La id :  

P I P E  DATA 

- 
. _ .  -7 

MAINS I SOIL RESISTIVITY 

Ohm-CM 
Locat ion  
Remarks 

Nat ive  
P I P E  TO SOIL POTENTIALS 

No sca le ,  N o  p i t s  P e r f e c t  
G r a p h i t i z a t i o n  o r  S c a l e  o r  p i t t i n g  t o  
p i t t i n g  ._ 7 -8 zc ----I-- 1 / 3  t h r u  1 / 3  t h r u  p i p e  w a l l  

I P r o t e c t e d  nspec tea  

Bare Spots  
Pockets  
Sagging 

LEAKAGE PROTECTIVE COATING DATA 
Condi t ion  P ipe  Wall (Taints F i t t i n g s  

Tap. - Good F a i r  Poor 

wail 
G r a p h i t i z a t i o n  o r  
p i t t i n g  from 1/3 t o  
2/3 t h r u  w a l l  
G r a p h i t i z a t i o n  or 
p i t t i n g  2/3  o r  more 
t h r u  w a l l  
G r a p h i t i z a t i o n  o r  
p i t t i n g  t h r u  p i p e  

CONDITION OF FIPE _- 
C l a s s  Cast Iron S t e e l  

S c a l e  o r  p i t t i n g  
from 1/3  t o  2/3 t h r u  
w a l l  
Sca l e  or p i t t i n g  
2/3 o r  more t h r u  
w a l l  

P e r f o r a t i o n s  

Bond 
Moisture  P r e s e n t  Under 

E 

___ .  ~~- 

No g r a p h i t i z a t i o n  I Coating:  Y e s  NO I 

w a l l  I I 

Type 
Red Rock 
Dec. Grani  
Sha le  
Grave 1 
Sand 
Lo am 
Clay 
S i l t  
P e a t  

t e  Gray 
Black 
Y e l l o w  
Brown 
Red 
I3 lue 
Green 

Date 

REPLACEMENT DATA 

Age 
L e a k s  
(Min. 2/yr.-3in5 yrs) 
P i t t i n g  
S o i l  R e s i s t i v i t y  
Galvanized P i p e  

CATHODIC PROTECT I ON 
S i z e  

SOIL DATA 
Check All Appl icab le  Items 

Agglomeration 

Many Boulders  
S tones  

Few Pe bb 1 e s 
Hard Lumps 
Texture Packing 
F ine  Loose 

Medi um Medium 

Coarse Hard 

In spec t ed  by: 

L 



TABLE 47 

LEAK REPAIR REPORT (Q114) 

1,ocation: of RO N o .  
S t r e e t  F t .  

S t r e e t  C i t y  
Map N o .  

Date 
S i z e  & Type of P i p e :  
( ")C.I. ( , l)ML & cs ( " )Ga lv .  ( " ) A . C .  
( " ) W .  I r o n  ( ' I )  Bituminous  Coated S t e e l  
1. What p a r t  w a s  damaged? 

a.  ( ) Pipe  Barre l  
b. ( ) J o i n t  

Type: ( ) Welded ( ) Lead ( ) Cement 
( ) Mineral  l e a d  ( ) Flanged 

c. ( ) Valve 
d .  ( ) Flanged n u t s ,  b o l t s ,  t i e  rods  
e.  ( ) Other  (Expla in  on back) 

2 .  What t y p e  of c o r r o s i o n  damage? 

a. ( ) P i t t i n g  
b .  ( ) General  corrosion 
c. ( ) Graph i t i zed  c a s t  i r o n  

(P ipe  looks O K ,  b u t  has  l i t t l e  s t r e n g t h  because  
t h e  i r o n  has  d i s s o l v e d ,  l e a v i n g  most ly  ca rbon . )  

d .  ( ) N o  c o r r o s i o n  damage 
3. What r e p a i r s  w e r e  made? 

a. ( ) Leak clamp c. ( ) Recaulked j o i n t  
b. ( ) Welded d .  ( ) Replaced s e c t i o n  

- e. ( ) Other  

4 .  Should t h e  p i p e  be  r ep l aced?  

a .  ( ) Y e s  b. ( ) N o  c. ( ) N o t  s u r e  
5. How b i g  was t h e  l e a k ?  

a.  ( ) C i r c u m f e r e n t i a l  break c. ( ) Large h o l e  
b.  ( ) Small  h o l e  (under  1") d. ( ) S p l i t  

6 .  What i s  s o i l  l i k e ?  

a.  ( ) Clay o r  adobe 
b. ( ) Loam 

7 .  Was a 32-pound anode i n s t a l l e d ?  

c .  ( ) Sandy 
d .  ( ) Gravel  

ID. ( ) N o  (omit  anode on ly  i f  no c o r r o s i o n  - -- a.  ( ) Y e s  
damage i s  fdund.  ) - 

8. Where w a s  t h e  l e a k ?  ! C i r c l e  number closest t o  l e a k )  
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SECTION V I  

ECONOMICS 

Economics are t h e  scale by which t h e  e f f e c t s  of c o r r o s i o n  

and t h e  methods of c o n t r o l l i n g  c o r r o s i o n  are measured. I d e a l l y ,  

enough economic data would be  a v a i l a b l e  t o  e n a b l e  one t o  c a l c u l a t e  I 

t h e  o p t i m a l  c o u r s e  of a c t i o n  f o r  a l l  conce ivab l e  s i t u a t i o n s .  Un- 

h a p p i l y ,  t h e r e  i s  a r ea l  p a u c i t y  of d a t a  a v a i l a b l e ,  and.much of 

what i s  pub l i shed  i s  probab ly  based on s p e c u l a t i o n  and unsup- 

p o r t e d  estimates. N o  economic i n fo rma t ion  w a s  unear thed  i n  t h e  

r e p l i e s  t o  t h e  q u e s t i o n n a i r e .  

Cor ros ion  i s  expens ive .  Va luab le  p r o d u c t s  are l o s t  when 

p i p e l i n e s  l e a k .  L o s t  pumping t i m e  i s  neve r  recovered .  Escaped 

p r o d u c t s  may r u i n  c r o p s ,  i n j u r e  w i l d l i f e ,  d e s p o i l  n a t u r a l  beau ty ,  

and damage p r o p e r t y .  C o s t s  cou ld  and should  be a s s igned  t o  prop-  

e r t y  damage and haza rds .  Toxic ,  flammable, and e x p l o s i v e  p roduc t s  

c o n s t i t u t e  hazards  t o  human l i f e  and wel l- be ing .  The damage re- 

s u l t i n g  from a l e a k  depends on t h e  p r e s s u r e  i n  t h e  p i p e l i n e ,  t h e  

f l u i d  it car r ies ,  and t h e  l o c a t i o n  of the p i p e l i n e .  Leaks are 

expens ive  t o  l o c a t e  and t o  r e p a i r .  When p i p e  s e c t i o n s  must be 

r e p l a c e d ,  f low i s  i n t e r r u p t e d  w i th  consequent  loss i n  revenue.  

I t  h a s  been e s t i m a t e d  t h a t  t h e  e x t r a  pumping c o s t s  due t o  r u s t  on 

t h e  i n t e r i o r  o f  p i p e s  amounts t o  $40,000,000/year i n  t h e  U . S .  

( 4 9 3 ) .  

A 1 9 5 0  survey  i n  Arkansas ,  Kansas, W e s t  Texas, and N e w  

Mexico r e v e a l e d  t h a t  4 4  p e r c e n t  of t h e  s o u r  c rude  o i l  w e l l s  were 

economica l ly  a f f e c t e d  by c o r r o s i o n  ( 6 1 8 5 ) .  I n  Arkansas t h e  corro-  

s i o n  costs averaged $1250  p e r  well p e r  y e a r .  I n  Kansas, t h e  

1 5 4  



average  w a s  a b o u t  $ 2 0 0 0  and i n  West Texas-New Mexico $ 2 7 0 .  U s e  

of t h e  c o r r o s i o n  i n h i b i t o r s  reduced t h e  c o s t s  t o  $ 1 0 0 ,  $225, and 

$ 2 2 0  p e r  w e l l  p e r  y e a r ,  r e s p e c t i v e l y ,  f o r  c o r r o s i o n  c o n t r o l  p l u s  

remaining c o r r o s i o n  c o s t s .  Cor ros ion  c o u l d  c o s t  abou t  $ 1 0 0 0  p e r  

y e a r  p e r  w e l l  i n  s w e e t  o i l  w e l l s  when t h e  s a l t  water c o n t e n t  i s  

above 4 0  p e r c e n t  ( 5 5 3 ) .  I n  a 1963 survey  (6193) of 8 9 1 9  o i l  and 

g a s  w e l l s ,  t h e  r a t i o  of r e p o r t e d  s a v i n g s  t o  c o r r o s i o n  c o n t r o l  

c o s t s  w a s  a b o u t  5 : l .  Much l a r g e r  r a t i o s  were found i n  o f f s h o r e  

o p e r a t i o n s .  N e v e r t h e l e s s ,  many o p e r a t o r s  have made l i t t l e  o r  no 

a t t e m p t  t o  c o n t r o l  c o r r o s i o n .  

I n  use  o f  c o a t i n g s  t h e  i m p o r t a n t  f a c t o r  i s  r e a l l y  t h e  c o s t /  

e f f e c t i v e n e s s  r a t i o  o r  t h e  r a t i o  o f  s a v i n g s  t o  c o s t  over  t h e  l i f e  

of t h e  p i p e .  To o b t a i n  v a l i d  comparisons on such a b a s i s  i s  n o t  

s imple ,  however. I f  a l l  c o a t i n g s  c o s t  t h e  s a m e  on a v o l u m e t r i c  

b a s i s  t h e n  one c o u l d  simply p r e p a r e  specimens having t h e  same 

t h i c k n e s s  -- b u t  c o s t s  v a r y  widely .  One canno t  compare c o a t i n g s  

p r e p a r e d  so  t h a t  t h e  c o s t  p e r  u n i t  l e n g t h  i s  t h e  same because  t h e  

e f f e c t i v e n e s s  o f  a c o a t i n g  i n c r e a s e s  w i t h  t h i c k n e s s ,  b u t  i n  an 

u n p r e d i c t a b l e  manner. A thorough s t u d y  would u t i l i z e  a range  o f  

t h i c k n e s s  f o r  e a c h  t y p e  o f  c o a t i n g  and t h e n  compare t h e  minima i n  

c o s t / e f f e c t i v e n e s s  ( o r  maxima i n  s a v i n g s / c o s t )  o f  each .  T h i s  h a s  

n o t  y e t  been done. There are l i t t l e  p u b l i s h e d  d a t a  on e i t h e r  c o s t  

of a p p l i c a t i o n  and maintenance o r  on s a v i n g s .  

The c o s t s  f o r  c o n t r o l  o f  i n t e r n a l  c o r r o s i o n  i n  two average  

s o u r  c rude  o i l  g a t h e r i n g  l i n e s  are  compared i n  Reference  7 9 3 .  I t  

w a s  concluded t h a t  c o n c r e t e  l i n i n g s  and c o r r o s i o n  i n h i b i t o r s  

appeared  most economical  i n  t h e  l a r g e r ,  l o n g e r  l i n e s .  Concre te  
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l i n i n g s ,  i n t e r n a l  p l a s t i c  c o a t i n g s ,  and p l a s t i c  p i p e  appeared 

m o s t  economical  f o r  s h o r t e r ,  smaller l i n e s .  P r o t e c t i v e  measures 

p rov ided  s a v i n g s  of 9 c e n t s  t o  25.5 c e n t s  p e r  foot of  p i p e  p e r  

y e a r .  

The cost  o f  c a t h o d i c  p r o t e c t i o n  depends g r e a t l y  on t h e  q u a l-  

i t y  of t h e  c o a t i n g ,  t h e  i s o l a t i o n ,  and t h e  mechanical  j o i n t  bonds 

( 1 5 8 ) .  The C a s t  I r o n  P ipe  Research A s s o c i a t i o n  h a s  a s s e r t e d  t h a t  

c a t h o d i c  p r o t e c t i o n  of p i p e  systems adds a t  l eas t  1 0  p e r c e n t  t o  4 

t h e  t o t a l  p r o j e c t  cost  ( 7 8 9 ) .  Presumably, t h i s  f i g u r e  i s  f o r  

b a r e  cast  i r o n  p i p e .  The i n s t a l l a t i o n  c o s t  of c a t h o d i c  p r o t e c t i o n  

on b a r e  o i l  s t o r a g e  t ank  bottoms was found t o  be about  3 p e r c e n t  

o f  t h e  t ank  bottom inves tment  ( 7 9 3 ) .  The t o t a l  annua l  o p e r a t i n g  

expense was about  1 .25  p e r c e n t  of  one r e p a i r  j o b  o r  about  25 

p e r c e n t  o f  t h e  annua l  r e p a i r  cost  w i thou t  p r o t e c t i o n .  Payout f o r  

c a t h o d i c  p r o t e c t i o n  w a s  e s t i m a t e d  a t  1 . 5  y e a r s .  I n s t a l l a t i o n  of 

c a t h o d i c  p r o t e c t i o n  on modern coa t ed  p i p e l i n e s  i s  c la imed t o  cost  

less t h a n  0.5 p e r c e n t  of t h e  t o t a l  c o s t s ,  w i th  maintenance and 

o p e r a t i n g  costs l e s s  t h a n  $28 p e r  m i l e  y e a r  ( 4 9 2 ) .  A t o t a l  cost 

of 4 .2  c e n t s / f t  w a s  e s t i m a t e d  f o r  30 y e a r s  o f  p r o t e c t i o n  of a 

100,000- foot  l ong ,  5/8-inch OD p i p e l i n e  ( 4 7 4 ) .  

Ga lvan ic  c a t h o d i c  p r o t e c t i o n  reduced t h e  maintenance costs 

p e r  ove rhau l  of U . S .  Navy d e s t r o y e r s  by $ 1 0 , 0 0 0  t o  $ 2 0 , 0 0 0  ( 4 9 1 ) .  

B a r e  o f f s h o r e  p i p e l i n e  w a s  p r o t e c t e d  by z i n c  b r a c e l e t s  f o r  an 

e s t i m a t e d  cost  of $40/mile/year as compared t o  $100/mile/year f o r  * 

an impressed- cur ren t  sys tem ( 7 2 8 ) .  For an e s t i m a t e d  4 0  y e a r s  Of 

p r o t e c t i o n  t h e  cost  of t h e  b r a c e l e t s  w a s  0.5 p e r c e n t  o f  t h e  p ipe-  

l i n e .  I t  w a s  claimed t h a t  t he  lowes t  t o t a l  costs  are o b t a i n e d  by 
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c a t h o d i c  p r o t e c t i o n  combined w i t h  " reasonab ly"  c o a t e d  l i n e s  ( 7 9 3 ) .  

"Reasonable" a p p e a r s  t o  mean an a d h e r e n t  i n s u l a t i n g  c o a t i n g  o f  

long  l i f e t i m e  b u t  w i t h o u t  any a t t e m p t s  t o  make it h o l i d a y- f r e e .  

Some p i p e  system o p e r a t o r s  i n s t a l l  c a t h o d i c  p r o t e c t i o n  a t  some 

t i m e  a f t e r  l a y i n g  t h e  p i p e .  I t  h a s  been e s t i m a t e d  t h a t  o n l y  about  

1 5  p e r c e n t  of a p i p e  system w i l l  be s u b j e c t  t o  r a p i d  c o r r o s i o n  

( 6 0 1 ) .  One p rocedure  i s  t o  perform a survey  o f  p i p e  p o t e n t i a l  and 

p r o t e c t  o n l y  t h o s e  areas c o n t a i n i n g  " h o t  s p o t s . "  The payout  p e r i -  
A 

od f o r  t h e  cost  o f  t h e  su rvey  and t h e  c a t h o d i c  p r o t e c t i o n  w a s  

found t o  be 2 t o  5 y e a r s .  A t o t a l  o f  $258/mile/year  w a s  saved on 

one l i n e  over  a 6- year  p e r i o d .  

Another  p rocedure  i s  t o  i n s t a l l  c a t h o d i c  p r o t e c t i o n  t o  an 

area o n l y  when l e a k s  have a l r e a d y  developed.  With b a r e  p i p e  i t  

h a s  been found t o  be cheaper  t o  app ly  c a t h o d i c  p r o t e c t i o n  t h a n  t o  

r e p l a c e  t h e  l i n e  w i t h  new c o a t e d  p i p e  ( 5 9 2 ) .  Although s a v i n g s  

w e r e  r e a l i z e d  by c a t h o d i c  p r o t e c t i o n  a f t e r  several  y e a r s ,  a l a r g e  

g a s  company found t h a t  more money would have been saved by a p p l i -  

c a t i o n  b e f o r e  l e a k s  had developed ( 5 8 9 ) .  

I n  c a l c u l a t i n g  c o s t s  and s a v i n g s  o f  v a r i o u s  p r o t e c t i o n  

methods, one must n o t  o n l y  a t t e m p t  t o  accoun t  f o r  a l l  d i r e c t  

and i n d i r e c t  expenses ,  b u t  a l s o  t a k e  i n t o  accoun t  t h e  t i m e  v a l u e  

o f  money. S e v e r a l  d i f f e r e n t  methods o f  accompl ishing t h i s  have 

been used ( e . g . ,  591, 493, 7 0 5 ) .  The e f f e c t  of accoun t ing  f o r  

* i n t e r e s t  and d e s i r e d  p r o f i t  i s  t o  i n c r e a s e  t h e  c o s t  of p r e s e n t  

c a p i t a l  i n v e s t m e n t s  as  compared t o  expenses  o c c u r r i n g  l a t e r .  



SECTION V I 1  

OTHER PROBLEMS ASSOCIATED W I T H  CORROSION O F  PIPELINES 

1. T r a i n i n g  of  Cor ros ion  Engineers  and Techn ic i ans  

According t o  Reference 305 few e n g i n e e r i n g  g r a d u a t e s  have 

r e c e i v e d  any t r a i n i n g  i n  c o r r o s i o n  c o n t r o l .  A s  a r e s u l t  t h e  ac- 

q u i s i t i o n  of  t h e  n e c e s s a r y  s k i l l s  t o  perform w e l l  as a c o r r o s i o n  

e n g i n e e r  i s  l a r g e l y  a p e r s o n a l  r e s p o n s i b i l i t y .  Amateur .bungl ing 

i s  common i n  c o r r o s i o n  c o n t r o l  work, p a r t i c u l a r l y  i n  c a t h o d i c  
- 

p r o t e c t i o n ;  t o  h e l p  a l l e v i a t e  t h i s  s i t u a t i o n ,  t h e  B r i t i s h  Associa- 

t i o n  of  Cor ros ion  Engineers  w a s  formed t o  p rov ide  e d u c a t i o n  i n  

c o r r o s i o n  c o n t r o l  and p r o f e s s i o n a l  q u a l i f i c a t i o n  s t a n d a r d s .  

A v a r i e t y  of w e l l  s ubsc r ibed  s h o r t  c o u r s e s  are o f f e r e d  i n  a l l  

p a r t s  of t h e  U . S .  

However, t h e r e  appea r s  t o  be a need f o r  more c o u r s e s  a t  more ad-  

vanced l e v e l s .  Evening c o u r s e s  are g iven  by some u n i v e r s i t i e s .  

NACE w i l l  soon p u b l i s h  a b a s i c  c o r r o s i o n  cou r se .  

Many books and pape r s  are a v a i l a b l e  f o r  s e l f - t e a c h i n g ,  as i l l u s -  

t r a t e d  by t h e  r e f e r e n c e s  f o r  t h i s  r e p o r t .  In formal  i n fo rma t ion  

f l o w  among p r a c t i c i n g  c o r r o s i o n  e n g i n e e r s  i s  probably  as g r e a t  as  

i n  any o t h e r  t e c h n i c a l  s p e c i a l t y ,  and i s  p a r t i c u l a r l y  n o t i c e a b l e  

a t  l o c a l  NACE meet ings .  N e v e r t h e l e s s ,  one s e n s e s  a real d e f i c i e n -  

cy of unde r s t and ing  o f  fundamental  and t h e o r e t i c a l  a s p e c t s  of 

c o r r o s i o n  c o n t r o l ,  a l t hough  r e g a r d  f o r  c o r r o s i o n  c o n s u l t a n t s  i s  * 

somewhat mixed. N ine ty- f ive  of t h e  surveyed companies used con- 

s u l t a n t s  i n  t h e i r  c o r r o s i o n  c o n t r o l  e f f o r t s .  .) 

Unfor tuna t e ly ,  no s a t i s f a c t o r y  method of  de te rmin ing  o r  

c e r t i f y i n g  competence of  c o r r o s i o n  e n g i n e e r s  and t e c h n i c a l  p e r-  

sonne l  e x i s t s  i n  t h e  Uni ted S t a t e s .  The f ac t  t h a t  c o r r o s i o n  
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c o n t r o l  h a s  developed as a n  a r t  r a t h e r  t h a n  a s c i e n c e  i s  exem- 

p l i f i e d  by t h e  e x t e n s i v e  u s e  of undef ined  t e r m s  and misnomers; 

e . g . ,  p i p e  t o  soil p o t e n t i a l  i s  g e n e r a l l y  used f o r  t h e  p o t e n t i a l  

between a b u r i e d  p i p e  and a h a l f  c e l l  l o c a t e d  on t h e  s o i l  s u r f a c e ;  

a s a t u r a t e d  copper- copper s u l f a t e  h a l f  c e l l  i s  one i.n which t h e  

copper  s u l f a t e ,  r a t h e r  t h a n  t h e  c o p p e r ,  i s  s a t u r a t e d ;  terms such 

as " z e r o  swing" are  used w i t h o u t  p r e c i s e  d e f i n i t i o n .  

. 

- 
Table  48  l i s t s  t h e  p u b l i c a t i o n s  and i n f o r m a t i o n  s o u r c e s  which 

were t h o u g h t  t o  c o n t r i b u t e  t h e  most t o  t h e  respond ing  companies '  

c o r r o s i o n  c o n t r o l  program. 

TABLE 48 

PUl3LICATIONS AND INFORNATION SOURCES WHICH HAVE BEEN FOUND 
TO CONTRIBUTE RlOST TO CORROSION CONTROL PROGEIAPIS 

:dumber of ConFanies 
Source '&lost 2nd 3rd  4 t h  

Aiierican G a s  A s s o c i a t i o n  

Aver ican Pet ro leum I n s t i t u t e  

Committees/fleetings 

C o n s u l t a n t s  

E l e c t r o c h e m i c a l  S o c i e t y  

Yon t h 1 y Mag a z i ne s 

NACE Pub1 i c a t i o n s  

N a t i o n a l  Bureau of S tandards  

P a c i f i c  Coas t  G a s  A s s o c i a t i o n  

S h o r t  Courses /Seninars  

Text  Books 

- 

2 11 9 1 

1 1 9 0 

37 53 29  9 

14 9 14 6 

r! 0 0 1 

31 G? 38 2 8  

54 36 21 6 

0 0 1 1 

1 1 0 3 

1 3 8  60 35 8 

1 7  2 1  11 2 



2. I n t e r f e r e n c e  w i t h  Small  P i p i n g  Systems 

While t h e  p i p e l i n e  i n d u s t r y  h a s  been h i g h l y  s u c c e s s f u l  i n  

min i r t iz ing  c o r r o s i o n  caused  by c a t h o d i c  i n t e r f e r e n c e  between i t s  

members, t h e r e  remains  a s u b s t a n t i a l  q u a n t i t y  of p i p e  i n  cus tody  

of  o p e r a t o r s  of  s m a l l  water  and g a s  companies,  r a n c h e s ,  i n d u s t r i a l  

p l a n t s ,  r e s t a u r a n t s ,  o t h e r  b u s i n e s s e s ,  home owners,  e tc . ,  which 

i s  s u b j e c t e d  t o  i n t e r f e r e n c e .  To comprehend t h e  haza rd ,  it i s  

o n l y  n e c e s s a r y  t o  p o i n t  o u t  t h a t  30 microamperes are s u f f i c i e n t  

t o  cause  a l e a k  i n  one y e a r  i f  t h e  p i t  i n  a 1/8- inch p i p e  w a l l  

ha s  t h e  form o f  a p a r a b o l o i d a l  segment w i t h  d e p t h  and s u r f a c e  

r a z i u s  e q u a l  t o  t h e  w a l l  t h i c k n e s s  o f  t h e  p i p e .  F u r t h e r ,  ope r-  

a t i n g  p i p e l i n e s  may be s u b j e c t e d  t o  s m a l l ,  unde tec t ed  i n t e r f e r e n c e  

c u r r e n t s .  Cathodic  i n t e r f e r e n c e  may be a n t i c i p a t e d  under  t h e  

f o l l o w i n g  c o n d i t i o n s .  

a .  I f  t h e  s u r f a c e  o r  deep  w e l l  anode i s  less t h a n  1 0 0 0  feet  

d i s t a n t  f r o m  t h e  p i p e l i n e  of concern .  

b. I f  t h e  o f f ended  p i p e  i s  i n f e r i o r  i n  c o a t i n g  as  measured 

by conductance ,  and (1) c r o s s e s  t h e  p r o t e c t e d  p i p e  o r  ( 2 )  p a r a l l e l s  

w i t h i n  1 5  d i a m e t e r s  of  t h e  p r o t e c t e d  p i p e .  

The f o r e g o i n g  are n o t  performance r u l e s  b u t  are i n d i c a t o r s  fo r  

concern .  

3 .  Grounding of E l ec t r i c  C i r c u i t s  on Water P ipe  

S t r a y  c u r r e n t s  caused  by grounding o f  e l e c t r i c a l  c i r c u i t s  on 

water p i p e s  are a c o r r o s i o n  hazard  t o  a l l  underground p i p i n g .  

T h i s  common p r a c t i c e  p e n a l i z e s  t h e  owner of t h e  p i p i n g .  For  t h e  
- 

owner it i s  economica l ly  b e t t e r  t o  pay t h e  i n i t i a l  c o s t  of i n -  

s t a l l i n g  a s e p a r a t e  grounding electrode t h a n  t o  have a 
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d e t e r i o r a t e d  p i p i n g  sys tem a t  a l a t e r  d a t e .  I t  i s  a l s o  s a f e r  t o  

i n s t a l l  a s e p a r a t e  grounding e l e c t r o d e .  

4. Mechanical Damage t o  P i p i n g  

Mechanical damage t o  p i p i n g  h a s  been e s t a b l i s h e d  as  one of 

t h e  major  causes of p i p e l i n e  a c c i d e n t s .  When a p i p e l i n e  i s  rup-  

t u r e d  by n e c h a n i c a l  equipment,  t h e  cause i s  obv ious .  A more i n -  

s i d i o u s  problem ar i ses  when mechanical  equipment c o n t a c t s  p i p i n g  

and damages t h e  c o a t i n g  and/or  p i p e  w i t h o u t  r u p t u r i n g  it. A t  

a l a t e r  t i m e  c o r r o s i o n  t a k e s  i t s  t o l l  and a n o t h e r  a c c i d e n t  o r  l e a k  

i s  c h a l k e d  up t o  c o r r o s i o n .  

5 ,  Improper U s e  o f  Ca thod ic  P r o t e c t i o n  

I t  h a s  been n o t e d  t h a t  t h e r e  h a s  been some i n e p t i t u d e  among 

t h o s e  engaged i n '  c o r r o s i o n  m i t i g a t i o n  th rough  c a t h o d i c  p r o t e c t i o n ;  

t h i s  incompetence i s  mani fes ted  i n  rea l  o r  i n c i p i e n t  f a i l u r e s  

r a n g i n g  from one t o  many i n c i d e n c e s .  They i n c l u d e :  

a.  D e l i b e r a t e  r e s i s t a n c e  c o u p l i n g  below ground o f  anode and 

ca thode  c a b l e s  t o  match t h e  c u r r e n t  and v o l t a g e  o u t p u t  w i t h  t h e  

r e c t i f i e r  c a p a c i t y .  

b .  Connecting and o p e r a t i n g  r e c t i f i e r s  i n  reverse p o l a r i t y ,  

i . e . ,  w i t h  t h e  c a t h o d i c  c a b l e  from t h e  p i p e l i n e  connected  t o  t h e  

p o s i t i v e  t e r m i n a l  o f  t h e  r e c t i f i e r .  

c. C a t h o d i c a l l y  p r o t e c t i n g  unbonded mechan ica l ly  coupled  

p i p e  i n c l u d i n g  l eaded  c a s t  i r o n  j o i n t s .  



SECTION VI11 

GAPS IN THE TECHNOLOGY AND COMCLUSIONS 

fhe following conclusions have been drawn from the collective 

information of the literature search, the questionnaire results, 

personal interviews, meetings attended, and personal experience. 

On existing pipelines, it may not be practicable to totally 

eliminate all corrosion. The goal is rather to bring corrosion 

to an acceptable level for the lowest cost. This is not to say 

that allowing a "few" leaks to develop is considered "accept- 

able," in view of the potential hazard to life and property. 

On the other hand, it is not rational to insist on eliminating 

all corrosion when a reasonable corrosion control program will 

prevent corrosion leaks durinq the useful life of a pipeline. 

Much could be learned about corrosion mechanisms under 

authentic field conditions by detailed examination of corroded 

pipelines. Pits and cracks and surrounding environs should be 

particularly investigated. This should include micro pH measure- 

ments, microscopic examination cf the corrosion product, X-ray 

analysis of solid corrosion products, metallographic sectioning 

and microscopic examination, chemical analyses, bacteriological 

cultures, etc. Much would. be gained if the industry knew more 

about the basic corrosion inechanisms associated with pipelines. 

Steel pipe seldom fails by uniform corrosion. It. fails pre- 

dominantly by localized ettack in the form of pits. The pits 

are initiated by some sort of inhomogeneity. Chloride ion seems 

to be particularly implicated as a causative agent for pitting, 

as well as for crevice corrosion. 

c 
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S t r a y  d i r ec t  c u r r e n t s  from e l ec t r i c  r a i l w a y s ,  h i g h  v o l t a g e  

d i r e c t  c u r r e n t  (HVDC) power t r a n s m i s s i o n ,  pick- up from overhead 

AC power l i n e s ,  and c a t h o d i c  p r o t e c t i o n  have caused and w i l l  

c o n t i n u e  t o  c a u s e  s e r i o u s  c o r r o s i o n  problems.  I d e a l l y ,  e l e c t r i c  

r a i l w a y s  and power t r a n s m i s s i o n  l i n e s  should  n o t  c o n t a c t  t h e  

s o i l ,  much less u s e  s o i l  r e t u r n  f o r  any p o r t i o n  of t h e  power. 

F u r t h e r  s t u d i e s  on t h e  e f f e c t  of KVDC are needed,  and methods of 

r e d u c i n g  t h e  c o r r o s i o n  e f f e c t s  o f  HVDC need t o  be developed.  

i n f l u e n c e  of  AC on c o r r o s i o n  h a s  n o t  been well e x p l o r e d ,  b u t  i s  

The 

known t o  c a u s e  some c o r r o s i o n .  

power t o  water l i n e s  shou ld  be d i s c o n t i n u e d .  

The p r a c t i c e  of grounding AC 

Cathodic  p r o t e c t i o n  i n t e r f e r e n c e  i s  g e n e r a l l y  be ing  handled 

w e l l  by p r i v a t e  groups  b u t  w i l l  c o n t i n u e  t o  be a p e r s i s t e n t  

problem. 

h i g h  d e n s i t y  o f  underground me ta l l i c  s t r u c t u r e s  creates  s e v e r e  

i n t e r f e r e n c e  problems and may be i n e f f e c t i v e  due t o  e l e c t r i c a l  

s h i e l d i n g .  Methods f o r  a v o i d i n g  i n t e r f e r e n c e  and s h i e l d i n g  i n  

Cathodic  p r o t e c t i o n  of p i p e s  i n  areas c o n t a i n i n g  a 

some such s i t u a t i o n s  do n o t  appear  t o  be a v a i l a b l e  o r  known. 

Unqua l i f i ed  c a t h o d i c  p r o t e c t i o n  e n t h u s i a s t s  may u n w i t t i n g l y  

create  i n t o l e r a b l e  c o r r o s i o n  h a z a r d s  t o  unbonded mechan ica l ly  

coupled underground f a c i l i t i e s .  Anodes d i s c h a r g i n g  1 0  o r  m o r e  

amperes 05 c u r r e n t  may create a hazardous  g r a d i e n t  w i t h i n  a 

r a d i u s  of 1 0 0 0  f e e t .  Endangered s t r u c t u r e s  may i n c l u d e  ground 

w i r e s ,  r e i n f o r c i n g  b a r s  i n  c o n c r e t e ,  and t h e  l i k e ,  i n  add. i t ion  

t o  l e a d  covered c a b l e s  and u t i l i t y  p i p i n g .  

The v a r i o u s  t y p e s  of mechanical  c o r r o s i o n  e f f e c t s  i n  t h e  

underground environment are  n o t  well unders tood .  I n  p a r t i c u l a r ,  
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no c e r t a i n  method i s  known f o r  avo id ing  c a t a s t r o p h i c  f a i l u r e  by 

stress c r a c k i n g  of h igh  s t r e n g t h  steels. Hard s p o t s  i n  t h e  

p i p e  due t o  manufacture  and welding should  be avoided.  I t  i s  

n o t  even c e r t a i n  t h a t  stress c r a c k i n g  i s  l i m i t e d  t o  h igh  s t r e n g t h  

steels. There i s  some ev idence  t h a t  c a t h o d i c  p r o t e c t i o n  may 

cause  hydrogen embr i t t l emen t  of some steels,  b u t  more fundamental  

knowledge i s  bad ly  needed. C a u s t i c  e rnbr i t t l ement  c r a c k i n g  may 

t a k e  p l a c e  downstream from compressor s t a t i o n s  when c a t h o d i c  

p r o t e c t i o n  i s  a p p l i e d ,  b u t  t h i s  p o s s i b i l i t y  has  n o t  been ade-  

q u a t e l y  i n v e s t i g a t e d .  

Twenty-two l e a k s  w e r e  a t t r i b u t e d  t o  hydrogen b l i s t e r i n g  by 

t h e  surveyed companies. Hydrogen i s  gene ra t ed  both  by corrosion 

i n  an a c i d  environment and by c a t h o d i c  p r o t e c t i o n ,  e s p e c i a l l y  a t  

h igh  p o t e n t i a l s .  Metals w i t h  vo ids  and i n c l u s i o n s  a r e  p a r t i c u -  

l a r l y  s u s c e p t i b l e .  

I n t e r g r a n u l a r  c o r r o s i o n  of many s t a i n l e s s  s teels  i s  r a p i d  

when t h e  thermal  c y c l e  of welding g e n e r a t e s  c e r t a i n  t y p e s  of i n -  

homogenei t ies .  

Temperature has  an effect  on c o r r o s i o n .  I n  f r o z e n  so i l s ,  no 

c o r r o s i o n  of s tee l  p i l i n g s  was observed.  Th i s  canno t  be e x t r a p-  

o l a t e d  t o  t r a n s p o r t a t i o n  of pe t ro leum i n  cold environments ,  

s i n c e  t h e  p i p e s  would be hea t ed  i n  such cases. Stress c o r r o s i o n  

c r a c k i n g  i s  more common i n  p i p e  l e a d i n g  from compressor s t a t i o n s ,  
.l 

presumably because  of e l e v a t e d  t empera tu re s  t h e r e .  

Although c o r r o s i o n  o c c u r s  on a l l  s teel  b u r i e d  underground,  

t h e  c o r r o s i o n  ra te  can be n z g l i g i b l y  low. It has been found 

t h a t  leaks  i n  a p i p e l i n e  occu r  p redominant ly  i n  soi ls  l o w  i n  
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r e s i s t i v i t y .  P i t t i n g  o f  p i p e l i n e s  i n  s t a t i s t i c a l l y  uniform s o i l s  

w a s  found i n  a t  l eas t  one i n s t a n c e  t o  o c c u r  o n l y  a t  p o i n t s  where 

t h e  r e s i s t i v i t y  was below abou t  1 2 0 0  ohm-cm. Noncorros ive  soil 

i s  g e n e r a l l y  i n d i c a t e d  by a h i g h  r e s i s t i v i t y ,  5 0 0 0  ohm-cm o r  

h i g h e r .  I t  shou ld  be n o t e d ,  however, t h a t  r e s i s t i v i t y  may change,  

f o r  example by a p p l i c a t i o n  o f  chemical  f e r t i l i z e r s .  There i s  a 
- 

growing r e a l i z a t i o n  t h a t  o t h e r  f a c t o r s ,  i n c l u d i n g  t h e  change i n  

s o i l  r e s i s t a n c e ,  t h e  chemical  s p e c i e s  i n  t h e  s o i l ,  t h e  m o i s t u r e ,  

and t h e  t e x t u r e ,  can  a l so  i n f l u e n c e  c o r r o s i o n .  

C h l o r i d e  i o n  i s  known t o  accelerate c o r r o s i o n .  Hydrogen s u l -  

f i d e  accelerates c o r r o s i o n  and can cause  s u l f i d e  s tress c r a c k i n g .  

Carbon d i o x i d e  p r e s s u r e s  o v e r  3 0  p s i  i n  w e t  o i l  and g a s  cause  

c o r r o s i o n .  Calcium i o n  and low c a r b o n a t e  c o n c e n t r a t i o n s  are 

o f t e n  b e n e f i c i a l  i n  t h a t  C a C 0 3  p r o t e c t i v e  scales can be formed. 

The s p l a s h  and t i d a l  zones i n  seawater are t h e  most c o r r o s i v e  

marine environment.  Fur thermore ,  c a t h o d i c  p r o t e c t i o n  i s  i n e f f e c -  

t i v e  t h e r e .  For p i p e  i n  seawate r ,  however, no c o a t i n g s  are  nec-  

e s s a r y  w i t h  c a t h o d i c  p r o t e c t i o n  because  t h e  c u r r e n t  caused heavy 

p r o t e c t i v e  d e p o s i t s  t o  form. The bes t  c o a t i n g s  have been found 

t o  be formed a t  lower c u r r e n t  d e n s i t i e s  ( < 1 5 0  mA/sq f t )  and t o  

c o n s i s t  p r i m a r i l y  of  ca lc ium c a r b o n a t e .  One c a n  cause  s i m i l a r  

d e p o s i t s  t o  form on b u r i e d  p i p e  by adding ca lc ium b i c a r b o n a t e  

t o  t h e  b a c k f i l l  and zipplying c a t h o d i c  p r o t e c t i o n .  

c I t  i s  known t h a t  p r o d u c t s  o f  m i c r o b i o l o g i c a l  metabolism can 

accelerate c o r r o s i s r l .  

mation under a n a e r o b i c  c o n d i t i o n s  and a c c e l e r a t e  c o r r o s i o n .  The 

e x t e n t  t o  which micro-organisms c o n t r i b u t e  t o  p i p e l i n e  c o r r o s i o n  

S u l f a t e  r educ ing  bac te r ia  cause  H2S f o r -  
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i s  u n c e r t a i n .  Very l i t t l e  good f i e l d  d a t a  are a v a i l a b l e .  There 

t e n d s  t o  be a s i g n i f i c a n t  p o l a r i z a t i o n  of op in ion  on t h i s  s u b j e c t .  

The use  of b i o c i d e s  has  been l i m i t e d .  

I n  t h e  atmosphere,  c o r r o s i o n  i s  a c c e l e r a t e d  by m o i s t u r e ,  

wind-blown sea s a l t ,  s u l f u r  d i o x i d e ,  and t o  some e x t e n t ,  ozone. 

The combined ef fect  of d i l u t e  s u l f u r i c  a c i d  and ozone i s  worse 

t h a n  t h e  sum of t h e i r  i n d i v i d u a l  e f f e c t s .  

Although no f e r r o u s  m e t a l  i s  untouched by c o r r o s i o n ,  t h e  

e x t e n t  of c o r r o s i o n  i s  s i g n i f i c a n t l y  i n f l u e n c e d  by t h e  e x a c t  

composi t ion of t h e  metal and by the rma l  and mechanical  t r e a t m e n t s .  

Unfo r tuna t e ly ,  most of  t h e  a d d i t i v e s  which markedly improve c o r r o-  

s i o n  r e s i s t a n c e  are probably  t o o  expens ive  f o r  use  i n  l a r g e  p ipe-  

l i n e  systems.  

Welds are no ted  t o  be p a r t i c u l a r l y  s u s c e p t i b l e  t o  c o r r o s i o n .  

Greater unders tand ing  of t h e  e f f e c t  o f  welding c o n d i t i o n s  on co r-  

r o s i o n  i s  needed. The i n f l u e n c e  of  m e t a l  i nhomogene i t i es  i s  

s c a r c e l y  unders tood ,  b u t  i s  probably  s e r i o u s .  Methods of p ro-  

duc ing  p i p e s  cou ld  probably  be developed t o  avo id  such problems. 

Although most c o r r o s i o n  o c c u r s  e x t e r n a l l y ,  i n t e r n a l  c o r r o s i o n  

i s  a l so  a problem when moi s tu re  and c h l o r i d e  i o n ,  hydrogen su!-- 

f i d e ,  o r  carbon d i o x i d e  are p r e s e n t .  T h i s  has  been c o n t r o l l e d  

by removing m o i s t u r e ,  adding i n h i b i t o r s ,  o r  c o a t i n g .  Proper  i n -  

h i b i t o r s  a r e  s e l e c t e d  e m p i r i c a l l y .  The mechanism of  i n h i b i t o r  

a c t i o n  i s  poor ly  u n d e r s t s z d .  I n  p a r t i c u l a r ,  it i s  n o t  y e t  pos- 

s i b l e  t o  c o n f i d e n t l y  s p e c i f y  an i n h i b i t o r  f o r  any g i a e n  a p p l i -  

c a t i o n .  Q u a n t i t a t i v e  i n v e s t i g a t i o n s  of i n h i b i t o r  e f f e c t i v e n e s s  

and a p p l i c a t i o n  procedures  are  needed and should  be pub l i shed  i n  

* 



t h e  open l i t e r a t u r e .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  many i n h i b i t o r s  

accelerate c o r r o s i o n  i f  t h e i r  c o n c e n t r a t i o n  i s  too l o w .  

The c o r r o s i o n  f a i l u r e  r a t e  of  u n p r o t e c t e d  p i p e l i n e s  t e n d s  t o  

i n c r e a s e  w i t h  t i m e .  A widely  used method o f  c o r r o s i o n  c o n t r o l  i s  

t h e  a p p l i c a t i o n  of c o a t i n g s .  Although metal c o a t i n g s  are e f f e c -  

P i  t i v e  under some c o n d i t i o n s ,  t h i c k  o r g a n i c  c o a t i n g s  are g e n e r a l l y  

favored  f o r  underground use  where p r o t e c t i o n  i s  r e q u i r e d  f o r  long  

L p e r i o d s .  These c o a t i n g s  are i d e a l l y  w a t e r  impervious ,  e lec t r ic-  

a l l y  i n s u l a t i n g  and tough.  G e n e r a l l y ,  t i g h t  adhes ion  t o  t h e  p i p e  

i s  a l s o  r e q u i r e d ,  a l t h o u g h  good r e s u l t s  have been r e p o r t e d  w i t h  

loose f i t t i n g  p l a s t i c  s h e a t h s .  The requ i rement  f o r  wa te r  perm- 

e a b i l i t y  i s  p robab ly  even more severe when t h e  c o a t i n g  i s  n o t  

bonded t o  t h e  p i p e .  I t  should  be no ted  t h a t  no p e r f e c t  c o a t i n g  

material  e x i s t s ,  and so c o n t i n u e d  s e a r c h  f o r  improved materials 

i s  j us  ti f ied  . 
The most common c i rcumstance  f o r  l e a k s  developed i n  c o a t e d  

p i p e  w a s  p h y s i c a l  damage of  t h e  c o a t i n g .  The second most common 

c i rcumstance  w a s  c o r r o s i o n  a t  improper ly  a p p l i e d  c o a t i n g s .  Micro- 

organisms a t t a c k  m o s t ,  if n o t  a l l ,  o r g a n i c  c o a t i n g s .  T h e r e f o r e ,  

one canno t  assume t h a t  once a p i p e  i s  c o a t e d ,  i t  remains  e f f e c -  

t i v e l y  c o a t e d  f o r e v e r .  I n s p e c t i o n  and r e p a i r  are n e c e s s a r y  n o t  

m l y  when l a y i n g  p i p e ,  b u t  a l so  p e r i o d i c a l l y  t h e r e a f t e r .  The 

maintenance requ i rements  a re  p robab ly  p a r t i c u l a r l y  s e v e r e  when 

c a t h o d i c  pz .= tec t ion  i s  n o t  eriployed s i m u i t a n e o u s l y .  
* 

Although seldom used for. p i p p s  c a r r y i n g  g a s  and o i l ,  c o n c r e t e  

c o a t i n g s  car, p r o v i d e  e f f e c t i v e  cearrosion conLrol .  C o n c r e t e ' s  

e f f e c t i v e n e s s  i s  l a r g e l y  due t o  i t s  h i g h  pH. Agair., p r o p e r  
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a p p l i c a t i o n  i s  r e q u i r e d  i n c l u d i n g  choosing t h e  p rope r  c o n c r e t e  

mix. 

I n  c a t h o d i c  p r o t e c t i o n ,  c o r r o s i o n  i s  reduced by making t h e  

p i p e  n e g a t i v e  w i t h  r e s p e c t  t o  t h e  a d j a c e n t  s o i l .  Ca thodic  p ro-  

t e c t i o n  i s  n o t  a panacea f o r  a l l  c o r r o s i o n  problems.  N e i t h e r  is 

t h e  p rope r  a p p l i c a t i o n  of  c a t h o d i c  p r o t e c t i o n  a t r i v i a l  m a t t e r .  

I n c r e a s e d  c o r r o s i o n  due t o  c a t h o d i c  p r o t e c t i o n  has  a c t u a l l y  been 

1 

observed when s tee l  was con t inuous ly  o r  i n t e r m i t t e n t l y  heated I 

and i n t e r m i t t e n t l y  we t t ed .  Such c o n d i t i o n s  would be expec ted  on 

p i p e s  j u s t  downstream from compressor s t a t i o n s  i n  a r e a s  where t h e  

s o i l  i s  i n t e r m i t t e n t l y  d r y  and w e t .  Ca thodic  p r o t e c t i o n  can i n -  

crease t h e  l e a k  r a te  a t  f i r s t  when a p p l i e d  t o  o l d  p i p e  by loosen-  

i n g  a d h e r e n t  r u s t  scale which p r e v i o u s l y  covered small h o l e s .  

Cathodic  p r o t e c t i o n  may e i t h e r  be accomplished by e x t e r n a l l y  

a p p l i e d  DC power o r  by a t t achment  of s a c r i f i c i a l  anodes ,  such a s  

Mg, Zn, o r  A l ,  which are s lowly  consumed. E i t h e r  method works 

when p r o p e r l y  i n s t a l l e d  and main ta ined .  

T h e o r e t i c a l  c o n s i d e r a t i o n s  g i v e  reason  t o  s u s p e c t  t h a t  h i g h e r  

t h a n  normal c a t h o d i c  p r o t e c t i o n  v o l t a g e s  may be r e q u i r e d  t o  sup- 

p r e s s  a c t i v e  s u l f i d e  c o r r o s i o n  i f ,  i ndeed ,  it i s  p o s s i b l e  a t  a l l .  

T h i s  a p p a r e n t  n e c e s s i t y  i n  t u r n  ifiduces e x c e s s i v e  a p p l i e d  v o l t a g e s  

t h a t  t end  t o  d e s t o r y  and t o  loosen  t h e  c o a t i n g ,  t h u s  s t a r v i n g  

bo th  t h e  disbonded. and remote a r e a s  cf c u r r e n t ,  f u r t h e r  r e q u i r i n g  

added c u r r e n t .  Th i s  c y c l i c  p r o c e s s  l e a d s  u l t i m a t e l y  t o  l o s s  i n  

c o n t r o l  o f  c a t h o d i c  p r o t e c t i o n ,  and l e a k s  may deve lop  bo th  i n  

p rox imi ty  t o  t h e  p o i n t  of c u r r e n t  d r3 inage  and a t  remote a r e a s .  



The d i f f i c u l t y  i n  ach i ev ing  a c c e p t a b l e  p r o t e c t i o n  w i th  

c o a t i n g s  a l o n e  has  caused many companies t o  supplement coa t-  

i n g s  w i t h  c a t h o d i c  p r o t e c t i o n .  On t h e  o t h e r  hand,  cathodic 

p r o t e c t i o n  used a lone  can g e n e r a l l y  p rov ide  adequa te  p r o t e c t i o n ,  

e x c e p t  t h a t  l a r g e  c u r r e n t s  are r e q u i r e d  and i n t e r f e r e n c e  w i th  

s t r u c t u r e s  t h a t  may be nearby i s  l i k e l y .  When used w i t h  coat- 

i n g s ,  o n l y  enough c u r r e n t  i s  r e q u i r e d  t o  p r o t e c t  a r e a s  where 

h o l e s  have developed i n  t h e  c o a t i n g s .  Thus, c o a t i n g s  and 

c a t h o d i c  p r o t e c t i o n  are o f t e n  used i n  con junc t ion .  

t h e  d a t a  from t h e  surveyed companies i n d i c a t e d  a lower co r ro-  

s i o n  l e a k  ra te  wi th  coa t ed  and c a t h o d i c a l l y  p r o t e c t e d  p i p e  

t h a n  wi th  unp ro t ec t ed  p i p e ,  some l e a k s  d i d  deve lop  on pro-  

t e c t e d  p i p e s .  Thus t h e  c o n t r o l  measures do n o t  appear  t o  be 

t o t a l l y  e f f e c t i v e .  I n  many cases, t h i s  may r e f l e c t  improper 

use  of e i t h e r  c o a t i n g s  o r  c a t h o d i c  p r o t e c t i o n ,  o r  bo th .  

U s e  of c a t h o d i c  p r o t e c t i o n  and c o a t i n g s  t o g e t h e r  i s  n o t  

w i t h o u t  problems. Cathodic  p r o t e c t i o n  may cause  d i sbonding  

of t h e  c o a t i n g .  C a v i t i e s  under disbonded coat inc;  a r e  i d e a l  

f o r  c r e v i c e  c o r r o s i o n  and m i c r o b i o l o g i c a l  c o r r o s i o n .  To a 

l a r g e  e x t e n t ,  c a t h o d i c  p r o t e c t i o n  is  i n e f f e c t i v e  i n  disbonded 

a r e a s .  Cathodic  p r o t e c t i o n  i n c r e a s e s  p H  i n  t h e  sur rounding  

e l e c t r o l y t e ,  which can cause  s a p o n i f i c a t i o n  and d e s t r u c t i o n  

of b i t m i n o u s  and s i l i c o n e  c o a t i n g  m a t e r i a l s .  The e x t e n t  t o  

which c a t h o d i c  p r o t e c t i o n  w i l l  damage o l d  c o a t i n g s  i s  un- 

known. 

t i o n  of c a t h o d i c  p r o t e c t i o r  t o  016 p i p i n g  n o t  p r e v i o u s l y  

Even though 

This  is  impor t an t  when one i s  c o n s i d e r i n g  a p p l i c a-  
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p r o t e c t e d .  A t e s t  on a s e c t i o n  o f  t h e  o l d  p i p e  would probably  

be  neces sa ry  i n  each case .  

The p r e s e n t  methods of  v e r i f y i n g  c a t h o d i c  p r o t e c t i o n  are i m -  

p e r f e c t .  Th i s  i s  proven by t h e  f a c t  t h a t  c o r r o s i o n  l e a k s  occu r  

even w i t h  c a t h o d i c  p r o t e c t i o n .  There appea r s  t o  be no e n t i r e l y  

s a t i s f a c t o r y  c r i t e r i o n  f o r  v e r i f y i n g  t h a t  c a t h o d i c  p r o t e c t i o n  has  

been ach ieved .  P o t e n t i a l s  cannot  be made too n e g a t i v e  o r  c o a t -  

i n g s  a r e  disbonded.  M o s t  o f  t h e  surveyed companies used a p i p e  

p o t e n t i a l  o f  0 .85 v o l t  r e l a t i v e  t o  t h e  copper s u l f a t e  e l e c t r o d e  

as t h e i r  c r i t e r i o n  f o r  c a t h o d i c  p r o t e c t i o n .  Although s a t i s f a c -  

. 

t o r y  i n  many i n s t a n c e s ,  t h e  use  of  a f i x e d  p i p e  p o t e n t i a l  i s  

known t o  be d e l e t e r i o u s  under c e r t a i n  c o n d i t i o n s .  The second 

m o s t  common c r i t e r i o n  used by t h e  surveyed companies w a s  a 300  

mV d i f f e r e n c e  between t h e  ene rg i zed  and t h e  o r i g i n a l  open 

c i r c u i t  p o t e n t i a l s ,  which i s  s i m i l a r  t o  t h e  f i x e d  p i p e  p o t e n t i a l  

c r i t e r i o n  i n  advantages  and d i sadvan tages .  

The i n s t a n t a n e o u s  open c i r c u i t  p o t e n t i a l  ( t h e  p o l a r i z a t i o n  

p o t e n t i a l )  and o t h e r  p o s s i b l e  p r o t e c t i o n  c r i t e r i a  have been poor ly  

e x p l o i t e d .  There i s  a need f o r  a c r i t i c a l  review o f  p o s s i b l e  

p r o t e c t i o n  c r i t e r i a ,  s t a t i s t i c a l  methods f o r  a n a l y s e s  and of 

c o r r e l a t i o n s  w i t h  bs.sic electrochem:-cal  concep t s .  

Improved methods a r e  bad ly  needed bo th  f o r  d e t e c t i r . g  s m a l l  

leaks and f o r  d e t e c t i n g  areas which w i l l  soon f a i l .  A s t a n d a r d  

r e c o r d  system should  be developed t h a t  w i l l  a l l ow  c o r r e l a t i o n s  

between l e a k  f requency and such va:r,abJ.es as s o i l  p r o p e r t i e s ,  

c o a t i n g  p r o p e r t i e s ,  c a t h o d i c  p r o t e c t i o n  c o n d i t i o n s ,  l o c a t i o n ,  

e tc .  Accurate  l e a k  r e c o r d s  a r e  v a l u a b l e  aid may serve a number 



of purposes  i n c l u d i n g  p r e d i c t i n g  f u t u r e  l e a k s ,  l o c a t i n g  areas 

f o r  r e c o n d i t i o n i n g  o r  c a t h o d i c  p r o t e c t i o n  and i n d i c a t i n g  p r e-  

c a u t i o n s  t o  t a k e  when l a y i n g  new p i p e .  The r e c o r d s ,  however, 

shou ld  c l e a r l y  i n d i c a t e  c a u s e s  so t h a t  damage by o t h e r s  may n o t  

be confused w i t h  l e a k s  caused by c o r r o s i o n  a l o n e .  
(. 

Casings  around p i p e s  under roadbeds  and r a i l r o a d  t r a c k s  have 

been shown t o  be n o t  o n l y  unnecessa ry  i n  most cases, b u t  d e l e t e -  

r i o u s  from a c o r r o s i o n  s t a n d p o i n t  as w e l l .  When t h e  m e t a l  cas- 

i n g s  are s h o r t e d  t o  t h e  p i p e ,  c a t h o d i c  p r o t e c t i o n  i s  i n e f f e c t i v e .  

Much money i s  be ing  n e e d l e s s l y  wasted on unnecessa ry  c a s i n g s .  

One of  t h e  g r e a t e s t  needs i s  f o r  more d a t a  on t h e  economics 

of c o r r o s i o n  c o n t r o l .  T h i s  i s  p a r t i c u l a r l y  n o t i c e a b l e  i n  d i s -  

c u s s i o n s  o f  c o a t i n g s ,  where one wishes  t o  maximize t h e  r a t i o  of 

s a v i n g s  t o  c o s t .  I d e a l l y ,  t h e  optimum c o a t i n g  t h i c k n e s s  f o r  

each  t y p e  of c o a t i n g  should  be known on t h i s  b a s i s .  E s t i m a t e s  

f o r  i n s t a l l a t i o n  o f  c a t h o d i c  p r o t e c t i o n  range  from less  t h a n  0 . 5  

p e r c e n t  t o  o v e r  1 0  p e r c e n t  of t h e  t o t a l  p r o j e c t  c o s t ,  and y e t  

a c t u a l  c o s t s  are almost never  r e p o r t e d .  

S h o r t  c o u r s e s  and seminars  w e r e  f e l t  t o  be t h e  most impor tan t  

i n f o r m a t i o n  s o u r c e  f o r  t h e  surveyed companies'  c o r r o s i o n  c o n t r o l  

programs. T h i s  r e f l e c t s  t h e  f a c t  t h a t  c e r r o s i o n  e n g i n e e r i n g  i s  

. n o t  t rea ted  as a s e p a r a t e  academic d i s c i p l i n e  i n  t h e  u n i v e r s i t i e s .  

Thus, t h e  a r t  and s c i e n c e  o f  c c r r o s i o n  c o n t r o l  i s  l e a r n e d  "on t h e  

job"  by e x p e r i e n c e ,  s e l f - s t u d y ,  i t leetings,  s h Q r t  c o u r s e s ,  and 

even ing  c o u r s e s .  There seems t o  be a geed f o r  more s h o r t  c o u r s e s  

which go i n t o  6 . e t a i l  on s p e c i f i c  a s p e c f s  of c o r r o s i o n  c o n t r o l ,  

e . g . ,  a c a t h o d i c  p r o t e e t i o i l  c o u r s e ,  a basic e l e c t r o c h e m i s t r y  
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c o u r s e ,  a c o a t i n g s  c o u r s e ,  e tc .  However, c o r r o s i o n  c o u r s e s  a l o n e  

do n o t  c o n s t i t u t e  adequa te  background f o r  a conpe ten t  c o r r o s i o n  

eng -nee r .  Exper ience ,  good judgment, and a s o l i d  fundamental  

t e c h n i c a l  e d u c a t i o n  are a l so  needed.  

Because d e g r e e s  are n o t  g r an t ed  i n  c o r r o s i o n  e n g i n e e r i n g ,  

t h e r e  i s  need f o r  an adequa te  method of  judging  t h e  q u a l i f i c a t i o n s  

of c o r r o s i o n  e n g i n e e r s  and t e c h n i c i a n s .  The p r e s e n t  methods a r e  

n o t  adequa te .  Competence of  p r a c t i c i n g  e n g i n e e r s ,  c o n s u l t a n t s ,  
. 

and t e c h n i c i a n s  v a r i e s  widely  and i s  d i f f i c u l t  t o  e v a l u a t e .  

Nationwide expansion of c o r r o s i o n  c o n t r o l  programs i n  t h e  n e a r  

f u t u r e  would be h indered  by t h e  l a c k  of s u f f i c i e n t  numbers of 

t r a i n e d  and competent  pe r sonne l .  

Much of t h e  research l i t e r a t u r e  a v a i l a b l e  on c o r r o s i o n  i s  

too s o p h i s t i c a t e d  and complicated f o r  use  by t h e  o p e r a t i n g  c o m-  

p a n i e s .  More r e s e a r c h  d i r e c t e d  toward t h e  s p e c i f i c  c o r r o s i o n  

problems of t h e  p i p e l i n e  i n d u s t r y  i s  needed. 
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* 
ABSTRACT RETRIEVAL RUN 

COLUMN CODE KEYWORDS 

11- 1 2  1 UXDERGROUND 
1 3 - 1 4  30 ANAEROBIC BACTERIAL CORROSION 

7-  8 10 CARBON S T E E L S  

SOURCE STATEMENT - THE FOLLOWING I N  AN ABSTRACT (***  COMMENT - )  
I N D I C A T E S  THAT WHAT FCLLOWS I S  A COMMENT WRITTIIiJ E3Y M R I .  NACE 
I S  THE SOURCE O F  THE OTHER ABSTRACTS. 

REPORT NO C L A S S I F I C A T I O N  CODE 
538 538101010  1 3 0  0 0 2 0 1 0  IVERSON,W. 1 9 6 8  

MICROBIAL CORROSION, W . P . I V E R S O N ,  NBS A D- 6 7 0 5 0 1  ( 1 9 6 8 )  APR. 
***COMMENT- S T U D I E S  OF E F F E C T  O F  MICROORGANISMS, PARTICULARLY 
SULFATE REDUCERS ( D E S U L F O B I V R I O )  , ON MARINE CORROSION WERE 
I N I T I A T E D .  THE I N A B I L I T Y  O F  SULFATE REDUCERS TO GROW ON THE 
AGAR SURFACE T F  MEDIA APPEARS TO BE DUE TO THE PRESENCE O F  THE 
FERROUS SALT USED AS AN INDICATOR FOR HYDROGEN S U L F I D E .  EVIDENCE 
I N D I C A T E S  THAT PHOSPHATE MAY BE AN ELECTRON ACCEPTOR I N  THE 
CATHODIC DEPOLARIZATION O F  S T E E L .  IRON PHOSPHIDE AND D I V I V I A N I T E  
WERE PRODUCED BY DESULFOBIVRIO GROWING I N  CONTACT WITH MILD S T E E L .  
THE ORGANISM REDUCES PHOSPHATE I N  THE PRESENCE O F  HYDROGEN TO 
FORM A VOLATILE PHOSPHOROUS CONTAINING COMPOUND WHICH I S  NOT 
P H O S P H I N E .  L I G H T  INCREASES THE CORROSION RATE O F  S T E E L  AS 
INDICATED BY POLARIZATION MEASUREMENTS. THE CATHODIC PROTECTION 
C3RRI3NTS REQUIRED TO MAINTAIN A POTENTIAL O F  0 . 8  VOLTS ON A S T E E L  
SPECIMEN I N  I N D I R E C T  SUNLIGHT WAS FOUND TO BE 1 . 5  T I M E S  THAT 
REQUIRED I N  THE DARK. 

% 

5 4 9  5 4 9 3 0 1 0 1 0  1 3 0  0 0 2 0  0 IVERSON,W. 1 9 6 9  
ANAEROBIC CORROSION O F  MILD S T E E L  BY DESULFOV;'r,ltIi), W .  P . IVERSON,  
N B S ,  NACE CONF. HOUSTON, (1969) .***COMMENT EXPCRIMENTS WITH 

BACTERIA PRODUCE CATHODIC DEPOLARIZATION. PHOSPHATE I S  ALSO 
REDUCED TO PRODUCE F E 2 P  AND A GASEOUS PHOSPHOROUS COMPOUND, NOT 
P H O S P H I N E .  HOWEVER, THE CORROSION RATES ATTRIBUTABLE TO CATHODIC 
DEPOLARIZATION DO NOT ACCOUNT FOR HIGH CORROSION RATES SOMETIMES 
OBSERVED I N  THE F I E L D .  THESE MAY BE DUE TO FORMATION O F  
D I F F E R E N T I A L  OXYGEN C E L L S ,  THE ACTION O F  H 2 S ,  OR ALTERNATE 
ANAEROBIC AND AEROBIC CONDITIONS TO PRODUCE S U L F U R I C  A C I D .  

BENZYL VIOLOGEN IN PLACE OF so4 HAVE PROVER THAT ANAEROBIC 

5015 50156010  0 1 3 0  060101G GANSER,P .  1 9 6 4  
CATHODIC PROTECTIOK FOR AN UNCOATED GAS D I S T R I B U T I O N  SYSTEM, 
P .  GANSER, A COLLECTION O F  PAPERS ON '3YDERGROUND P I P E L I N E  
CORROSION, V. 8 ,  P .  2 4 1 - 2 5 3 ,  ( 1 9 6 4 ) . * * * I N V E S T I G A T I C N  O F  AN 

P R I N I C P A L  CAUSE TO BE ANAEROBIC BACTERIA.  CATHODZC PROTECTION 
WAS INSTALLED TO K I L L  MICROBES.  TO MAKE L I N E  CONDUCTIVE A NEW 

INCREASING L3AK RATE OF UNDERGROUND MAINS INDICATED THE S 

* 
T h i s  i s  an example of a very  selective A b s t r a c t  R e t r i e v a l  R u n .  
The run i s  n o t  c o m p l e t e .  A t y p i c a l  r un  may select  several hund- 
red p e r t i n e n t  abs t r ac t s .  

1 7 4  



TECHNIQUE WAS DEVISED FOR SPOT WELDING CONDUCTORS ACROSS P I P E  
CONNECTIONS USING ONLY A VERY SMALL ( 4  INCHES BY 1 8  I N C H E S )  
OPENING.  OPERATING COST INCLUDING E L E C T R I C I T Y ,  MAINTENANCE 
AND ENGINEERING COST I S  4 . 6  CENTS/FT.  O F  P I P E .  

5102  5 1 0 2 1 0 7 0  0 1 3 0  0 0 2 0  0 3 U T L I N , K . R .  VERNON,W.H. 1 9 5 2  
I N V E S T I G A T I O N S  ON UNDERGROUND CORROSION. K.R. B U T L I N ,  W . H . J .  
VERNON AND L . C .  W H I S K I N .  IRON S T E E L  I N S T .  S P E C I A L  R E P T .  NO. 
4 5 ,  29-38 ( 1 9 5 2 ) ,  WATER + WATER E N G . ,  5 6 ,  NO.  6 7 1 ,  15- 18 ( 1 9 5 2 )  
JAN.***FUNDAMENTAL S T U D I E S  ON SULFATE- REDUCING q A C T E R I A ,  AND 

ANAEROBIC CONDITIONS ARE DESCRIBED.  D E T A I L S  O F  F I E L D  T E S T S  
ON BARE AND PROTECTED BURIED IRON P I P E S  ARE GIVEN.  SPECIMENS 
O F  COPPER,  LEAD, AND GALVANIZED S T E E L  P I P E  ARE INCLUDED I N  
TESTS NOW I N  PROGRESS.*** 

II 

' I N V E S T I G A T I O N S  O F  THE E F F E C T S  O F  THESE BACTERIA ONIRON I N  

. 
5598 55983070  0 13030  0 2 0  0 M I N C H I N , L .  1 9 5 4  
CORROSION O F  P I P E S  BY BACTERIA.  L . T .  MINCHIN.  GAS AGE, 
1 1 4 ,  8 ,  4 5 - 4 7 ,  1 0 1 - 1 0 2 ,  1 0 4  ( 1 9 5 4 )  OCT.  7.***EUROPEAN SURVEY 
O F  MICROGIOLOGICAL ANAEROBIC CORROSION WITH S P E C I A L  REFERENCE 
TO EXPERIENCE I N  LOW COUNTRIES.  TABLE,  PHOTOGRAPHS. 7 
REFERENCES.  

6 1 2 3  6 1 2 3 3 0 7 0  0 1 3 0 3 0 2 0 2 0  0 STARKEY,R. WRIGHT,K.M. 1 9 4 7  
ANAEROBIC CORROSION O F  IRON I N  S O I L  WITH PARTICULAR CONSIDERA- 
T I O N  O F  THE S O I L  REDOX POTENTIAL AS AN INDICATOR O F  CORROSIVE-  
N E S S .  R . L .  STARKEY AND K . M .  WRIGHT AGA. CONDENSATION CORROSION 
3 ,  2 2 7- 2 3 2  ( 1 9 4 7 )  MAY.***DISCUSSION I S  PRESENTED ON THE 
ANAEROBIC CORROSION O F  IRON I N  S O I L ,  DATA PRESENTED ON THE 
CHARACTERISTICS O F  CORRODED IRON AND S T E E L  SURFACES,  O R I G I N  
O F  S U L F I D E  I N  S O I L ,  CHARACTERISTICS O F  BACTERIA CAUSING 
ANAEROBIC CORROSION, IMPORTANCE O F  SULFATE REDUCT.ION, 
MECHANISM O F  THE PROCESS O F  MICRO- BIOLOGICAL ANAEIiOBIC IRON 
CORROSION, EVIDENCE FOR ELECTRO-CHEMICAL THEORY O F  ANAEROBIC 
CORROSION, U T I L I Z A T I O N  O F  HYDROGEN AND THE REDUCTION O F  

IRON CORROSION I N  S O I L S ,  OXIDATION-REDUCTION P O T E N T I A L ,  F I E L D  
T E S T S  OF DEGREES O F  CORRELATION BETWEEN S E V E R I T Y  O F  CORROSION 
AND THE S O I L  REDOX POTENTIAL AND OTHER S O I L  CHARACTERISTICS,  
AND RESISTANCE O F  SOME P I P E  WRAPPING WATERIALS TO DECOMPOSI-  
T I O N  I N  S O I L .  2 0 3  REF.***  

SULFATE BY BACTERIA,  DETECTION O F  MICRO- BIOLOGICAL ANAEROBIC 
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Form Approved: Budget Bureau No. 04 -S69052  
OF 

OFFICE OF THE SECRETARY OF TRANSPORTATION 
WASHINGTON, D.C. 20590 

M WHOM I T  MAY CONCERN 

The Department of Transportation is  currently conducting research 
on the subject  of the corrosion processes, t h e i r  detection, control 
and repair ,  as it applies t o  ferrous pipelines. This research is 
t o  develop background information from a wide range of source 
materials and personal experiences. Hopefully t h i s  can be aahieved 
by asking those persons exposed t o  the problems of corrosion t o  
answer speci f ic  questions regarding corrosion problems. Answering 
of these questions is  ent i re ly  voluntary, and there is  no legal  or  
s ta tu tory  obligation t o  do so. 

I t  i s  our hope t h a t  the r e s u l t s  obtained from t h i s  questionnaire 
w i l l  consolidate knowledge and understanding of corrosion and 
corrosion related problems, and concurrently increase everyone’s 
a b i l i t y  t o  combat it. 

W e  have selected the firm of Mechanics Research, Inc., an engineering 
firm headquartered i n  Los Angeles, California, t o  carry out t h i s  
research. 

I t  would be appreciated i f  you could provide them with a l l  possible 
cooperation regarding t h i s  matter when they contact you. I f  you or  
your organization fee ls  t h a t  information of a confidential o r  
proprietary nature is  involved and you wish t o  have it kept confi- 
dential ,  please identify it and it w i l l  be kept i n  confidence and 
not made public. 

W e  plan t o  make the general resul t s  obtained from t h i s  study avail-  
able t o  the operating industry and other interested pa r t i e s  i n  order 
t o  further knowledge i n  the corrosion control area. 

A l l  information and questionnaires furnished by par t ic ipat ing 
organizatiors are the property of the U.S .  Government and w i l l  be 
returned t o  the Office of Pipeline Safety immediately upon completion 
of the contract,  

I f  fu.rt!!er c l a r i f i ca t ion  or  information regarding any aspect of this 
projec t  is  required, please contact me (phone A.C. 202 ,  96-26000). 

Sincerely yours , 

eputp Director 
of Pipeline Safety 

1 7 7  



Forn Approved: Budget  Bureau N o .  04 -S69052  

TJO . 

Q IJ E S T I O  N N A I R E _ _ _ _ _ _ _ _ _ _ _ - _  
CORROSION PROCESSES, DETECTION AND CONTROL OF FERROUS P I P I N G  

The p u r p o s e  o f  t h e  q u e s t i o n n a i r e  i s  t o  d e v e l o p  background in fo rma-  
t i o n  on  c o r r o s i o n .  T h i s  i n f o r m a t i o n  i s  s o l i c i t e d  on a s t r i c t l y  
v o l u n t a r y  b a s i s  and i s  i n t e n d e d  o n l y  t o  d e v e l o p  g e n e r a l  r e s e a r c h  
t y p e  i n f o r m a t i o n  r e g a r d i n g  c o r r o s i o n  and i t s  c o n t r o l .  Unpubl i shed  
i n f o r m a t i o n  b e a r i n g  on any c o r r o s i o n  o r  c o r r o s i o n  c o n t r o l  p r o c e s s  
i s  p a r t i c u l a r l y  s o u g h t  and may be  r e t u r n e d  w i t h  t h e  q u e s t i o n n a i r e .  

The q u e s t i o n n a i r e  a l s o  seeks t o  d e v e l o p  s t a t e - o f - t h e - a r t  i n fo rma-  
t i o n  on c o r r o s i o n  and c o r r o s i o n  c o n t r o l  p r o c e s s e s  p a r t i c u l a r l y  
where p e r t i n e n t  i n v e s t i g a t i v e  and  r e s e a r c h  r e s u l t s  l a y  dormant .  
The e x i s t e n c e  of  s t a n d a r d s  d i r e c t e d  t o  t h e  g e n e r a l  s u b j e c t  of 
c o r r o s i o n  o f  p i p e  i n t e r n a l l y  and e x t e r n a l l y  when b u r i e d  o r  sub-  
merged i s  r e c o g n i z e d .  D o  n o t  c i t e  e x i s t i n g  codes  or s t a n d a r d s .  

If r e s p o n d e n t  i s  o t h e r  t h a n  an  owner o r  o p e r a t o r  o f  g a t h e r i n g ,  
t r a n s m i s s i o n  o r  d i s t r i b u t i o n  p i p i n g  o p e r a t i o n s ,  answer o n l y  t h o s e  
q u e s t i o n s  which r e s p o n d e n t  h a s  knowledge of  and which w i l l  con-  
t r i b u t e  t o  t h e  p u r p o s e  of  t h e  q u e s t i o n n a i r e .  

Many s i t u a t i o n s  i n  t he  f i e l d  of  c o r r o s i o n  are  un ique  and i f  t h e  
r e s p o n d e n t  w i s h e s  t o  q u a l i f y  h i s  answers  i n  any way, he s h o u l d  
f e e l  f ree  t o  do so.  

GENERAL COMPANY DATA 

1. N a m e  and a d d r e s s  of com.pany 

2 .  N a m e  of  p e r s o n  who may be  c o n t a c t e d  f o r  fo l low- up  on  t h e  

q u e s t i o n n a i r e  

- Phone No. 

RETURN COMPLETED QUESTIONNAIRE TO: - 
Mechanics  Resea rch  , I n c .  

Albuquerque  , N . M .  8 7 1 0 6  
1 2 0 0  U n i v e r s i t y  Bivd.  , N . E .  



'athodically 
Protected 

Form Approved: Budget Bureau 'No. 0 4 - S 6 9 0 5 2  

No. 

Not 
'Cathodically 
Protected 

Q U E  S T  I O N N A  I R E  _ _ _ _ _ _ _ _ _ _ _ - _  

Cathodically 
Protected 3 /  

(a) Steel Pipe 

(b) Wrought Iron 
Pipe 

(c) Cast Iron 
Pipe 

PART A: GENERAL PIPELINE SYSTEM DATA 

1. Indicate if respondent is an: Operating Company , 

Consulting Company 0 , Research Company or Organization , 
Other (Specify) 

2. Submit a separate questionnaire response for each of the 
following as applicable, and check below the single area that 
this report covers. 

(a) Gas Gathering 17 (9) Oil Distribution 

Transrcli ss ion 

(e) Oil Gatherinq ( j )  Water n 

(b) Gas Storage Gathering c] (h) Petroleum Product 

(i) Petroleum Product 
( c )  Gas Transmission 

Q 

(f) Oil Transmission 0 ( k )  Other (SpeciFy) 

(d) Gas Distribution Distribution 

Not 
CathDdically 
Protected 

3. Estimated total miles of ferrous pipe covered. by this 
report 

4. For the system indicated in Question 2, estin-ate the miles 

17 9 



5. E s t i m a t e  t h e  number of c o r r o s i o n  leaksL’ p e r  l i n e a r  m i l e  occur-  
r i n g  i n  c a l e n d a r  y e a r  1 9 6 9  f o r  e a c h  of  t h e  above mater ia ls ,  ( a ) ,  
( b ) ,  ( c ) ,  and ( d )  from Q u e s t i o n  4 ,  i n  t h e  f o l l o w i n g  a g e  g r o u p s :  

C a t h o d i c a l l y  

BARE P I P E  1/ 
1 I N o t  1 N o t  

C a t h o d i c a l l y  I C a t h o d i c a l l y  I C a t h o d i c a l l y  I 

Over 30 y e a r s  

21- 30 y e a r s  

1 1- 2 0  y e a r s  

6- 10 y e a r s  

0-5 y e a r s  

. 

- 1/ Rare p i p e  i s  d e f i n e d  as p i p e  which h a s  n e v e r  been  c o e t e d .  
P i p e  c o a t e d  w i t h  m i l l  p r i m e r  s h a l l  be  c o n s i d e r e d  as  b a r e  p i p e .  

- 2/  A c o r r o s i o n  l e a k ,  a s  used  h e r e i n ,  means u n i n t e n d e d  e s c a p e  of 
g a s  or  l i q u i d .  c a u s e d  by c o r r o s i o n .  

C a t h o d i c a l l y  p r o t e c t e d  means unde r  p r o t e c t i o n  f o r  a t  least  
t w o  y e a r s .  

- 3/  

PART B: CAUSE AND CONTROL O F  CORROSI9N 

S e c t i o n  I - I n s p e c t i o n  and Cause of  C o r r o s i o n  Leaks 

1. Does your  company have  a c o r r o s i o n  c o n t r o l  program? Y e s  0 NO 

2 .  If y e s ,  b r i e f l y  d e s c r i b e  t h e  program i n d i c a t i n g  but- no% l i m i t e d  
t o  t t le  f o l l o w i n g  i n f o r m a t i o n :  y e a r s  i n  e f f e c t ,  t y p e  and fre-  
quency of s u r v e y s ,  r e p o r t s  and r e c o r d  p r o c e d u r e s ,  l e n g t h  of 
t i m e  r e c o r d s  are k e p t ,  and  a n a l y s i s  of r e s u l t s ,  e t c .  (Answer 
on 2 s e p a r a t e  s h e e t  o r  on t h e  back of t h i s  s h e e t . )  

1 8 0  
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- 3 -  

3. I f  you do n o t  have a c o r r o s i o n  c o n t r o l  program, s t a t e  why n o t .  

4 .  With reqard t o  c o r r o s i o n  l e a k s ,  i s  t h e  p r o b a b l e  t y p e  of c o r r o-  
s i o n  determined:  

I f  no e x p l a i n :  

57 Yes NO 

5. For your  system i n d i c a t e  t h e  most p r e v a l e n t  cause  f o r  c o r r o s i o n  
l e a k s .  U s e  t h e  numeral 1 f o r  most f r e q u e n t ,  t h e n  2 ,  3 ,  e t c .  
(as a p p l i c a b l e ) ,  f o r  less  f r e q u e n t  c a u s e s :  

( a )  Galvanic  c e l l  

(b )  S t r a y  c u r r e n t  ( i n c l u d i n g  
c a t h o d i c  i n t e r f e r e n c e )  

(c )  Stress c o r r o s i o n  c r a c k i n g  

( d )  Cor ros ion  f a t i g u e  

(e)  Hyd.rogen e m b r i t t l e m e n t  

( f )  C a u s t i c  e m b r i t t l e m e n t  - 
(9) M i c r o b i o l o g i c a l  c o r r o s i o n  

( 1 1 )  Other  ( s p e c i f y )  
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6 .  I n d i c a t e  t h e  m o s t  p r e v a l e n t  c i rcumstance  under which c o r r o s i o n  
l e a k s  of c o a t e d  p i p e  have been found d u r i n g  t h e  l a s t  5 y e a r s .  
U s e  t h e  numeral 1 f o r  m o s t  f r e q u e n t ,  t h e n  2 ,  3 ,  etc . ,  i n  less 
f r e q u e n t  o r d e r .  

Order of Frequency 
N o t  

C a t h o d i c a l l y  C a t h o d i c a l l y  
Protected 3 /  P r o t e c t e d  

(a)  Cor ros ion  a t  improper ly  
a p p l i e d  c o a t i n g  

( b )  Cor ros ion  where c o a t i n g  has  
c l e a r l y  been damaged du r ing  
c o n s t r u c t i o n  o r  subsequen t ly  
abraded by o t h e r s  

( c )  Corros ion  where c o a t i n g  i s  
r u p t u r e d  by s o i l  stress o r  
r o o t  growth 

( d )  Cor ros ion  benea th  unbonded 
c o a t i n g  

( e )  F a i l u r e  of t h e  c o a t i n g  m a t e r i a l  

(f) Other  ( s p e c i f y )  

road  c r o s s i n g s ,  e t c . ?  

If y e s ,  how many? (Give b e s t  estimate) 

7. Have c o r r o s i o n  l e a k s  occu r r ed  i n s i d e  your p i p e l i n e  c a s i n g s  a t  

Y e s  /-J NO 

D c  Not 
8 .  D o  you ha.ve c a s i n g  s h o r t e d  t o  car r ie r  p ipe?  Y e s  17 N o  Iz] Know 

I f  y e s ,  e s t i m a t e  number s h o r t e d  

9 .  E s t i m a t e  t o t a l  number of cased  c r o s s i n g s  

1 0 .  E s t i m a t e  t h e  number of c o r r o s i o n  l e a k s  du r ing  1 3 6 9  t h a t  have 
occu r r ed  a t  

( a )  Longitu.dina1 f a c t o r y  w e l d s  

( b )  S p i r a l  f a c t o r y  w e l d s  

. 

(c) F i e l d  welds 
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11. I n d i c a t e  t h e  t o t a l  number of c o r r o s i o n  l e a k s  t h a t  have been 
caused by: 

( a )  Hydrogen b l i s t e r s  

(b)  Cracks 

(Expla in  t h e  e x i s t i n g  exposure  c o n d i t i o n s  f o r  each  c a s e  such a s  
t empera ture  of p i p e ,  v i b r a t i o n ,  p r e s s u r e ,  p i p e  p o t e n t i a l ,  p r e s-  
ence  of n i c k s  or  s c r a t c h e s ,  hard  s p o t s ,  a n a l y s i s  of cause  of 
c r ack  such  as hydrogen s tress c r a c k i n g  o r  stress c o r r o s i o n  c rack-  
i n g ,  e t c . )  

12, Is t h e  i n s p e c t i o n  of c o r r o s i o n  l e a k s  supplemented by any of t h e  
fo l l owing  o b s e r v a t i o n s :  

N O  - Y e s  - 
( a )  General  c o n d i t i o n  of c o a t i n g  

i n c l u d i n g  bond t o  p i p e  

(b) S o i l  t ype  and/or t e x t u r e  

( c )  S o i l  mo i s tu re  

0 c3 

(d )  Prox imi ty  of o t h e r  p i p e l i n e s  of 
s t r u c t u r e s .  ( P o s s i b i l i t y  of 
c a t h o d i c  i n t e r f e r e n c e . )  G 

(e )  Others  (Expla in  f u l l y )  
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(f) Have any of  t h e s e  o b s e r v a t i o n s  been 
c o r r e l a t e d  w i t h  l e a k  f requency?  

No - - Y e s  

(9) If so ,  e x p l a i n  t h e  system e s t a b l i s h e d  
and t h e  r e s u l t s .  

. 

13.  Check which of t h e  f o l l o w i n g  measurements you have u s u a l l y  
h e r e t o f o r  used as supplement i d e n t i f i c a t i o n  o f  c a u s e s  of 
c o r r o s i o n  l e a k s .  

Coat ing  t h i c k n e s s  

Chemical a n a l y s e s  of soi l  

P ipe  p o t e n t i a l  

Maximum p i t  d e p t h s  a t  a d j a c e n t  
corroded areas w i t h i n  t h e  
e x c a v a t i o n  

M e t a l l u r g i c a l  a n a l y s i s  

Redox p o t e n t i a l  

S o i l  pH 

S o i l  r e s i s t i v i t y  

Q u a l i t a t i v e  f i e l d  tes t  f o r  
s u l f i d e  i o n  

P o t e n t i a l  or c u r r e n t  w i t h  
r e s p e c t  t o  f o r e i g n  s t r u c t u r e  

Othe r s  ( s p e c i f y )  
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14. H a s  t h e  company exper ienced  c o r r o s i o n  of p i p e  by b a c t e r i a l  
a c t i v i t y ?  

Y e s  Very Rare ly  N o  D o  Not Know - - 
( a )  Anaerobic 

(b )  Aerobic 

0 
D 

15.  D o  you know of  any i n s t a n c e  where b a c t e r i a l  c o r r o s i o n  h a s  
caused a l e a k  or  r u p t u r e  on your  system? 
e x p l a i n  f u l l y .  

I f  so ,  p l e a s e  

1 6 -  I f  t h e  c o r r o s i o n  l e a k  o c c u r s  a t  a j o i n t  i n  a p i p i n g  system, 
i n d i c a t e  t h e  number o c c u r r i n g  i n  1 9 6 9  f o r  each  of t h e  fo l low-  
i n g  c a t e g o r i e s :  

( a )  Compression c o u p l i n g s  

( b )  Threaded c o u p l i n g s  and 
f l a n g e d  j o i n t s  

(c) Other  (Exp la in )  

1 8 5  
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17. Indicate the principal equipment you use in conducting pipe-to- 
soil potential surveys. 

High-resistance voltmeter 
100,000 ohms/volt or more tl 
Potentiometer voltmeter 

Vacuum tube voltmeter 

IJ 

Low-resistance voltmeter 
20 , 000 ohms/volt or less 
Other (specify) 

18. Methods to repair and control corrosion leaks: 

(a) List the current methods used to repair corrosion leaks. 

(b) Are internal sealants used to repair corrosion leaks? 

Yes NO 

(c) If (b) is yes, which type/s have proven most effective? 

* 

19. List the factors you take into consideration ir, the replacement 
or abandonment of corroded pipe. . 

186 
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2 0 .  Does your  Company t r a n s p o r t  g a s  or  o i l  c o n t a i n i n g  materials  
which i n  t h e  p r e s e n c e  of  f r e e  m o i s t u r e  may be t h e  cause  of  
i n t e r n a l  c o r r o s i o n ?  

0 Y e s  NO 

I f  so,  l i s t  these mater ia ls .  

2 1 .  I f  y e s ,  which of  t h e  f o l l o w i n g  p rocedures  are u t i l i z e d  t o  
c o n t r o l  i n t e r n a l  c o r r o s i o n ?  

(a )  Dehydrat ion  

( b )  I n h i b i t i o n  cl 
(c )  I n t e r n a l  c o a t i n g  0 
(d )  Other  ( s p e c i f y )  

22.  What p u b l i c a t i o n s  and i n f o r m a t i o n  s o u r c e s  (such as c o n f e r e n c e s ,  
seminars ,  e t c . )  h a s  t h e  company found t o  be m o s t  i n f o r m a t i v e  
and c o n t r i b u t e  m o s t  t o  your  c o r r o s i o n  c o n t r o l  program. Please 
l i s t  3 o r  4 i n  order of  impor tance .  

187 
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S e c t i o n  11 - P r o t e c t i v e  Coa t ings  

1. 

2. 

I d e n t i f y  t h e  major t y p e s  of p r o t e c t i v e  c o a t i n g s  used  by your  
company d u r i n g  t h e  l a s t  5 y e a r s  by o r d e r  of use. 

L i s t  Types i n  Order of U s e  

Aspha l t  

Coal-Tar 

Mas t ic  

Prefabricated f i l m  

Wax 

Others  ( s p e c i f y )  

What f a c t o r s  and p r o p e r t i e s  do you c o n s i d e r  i n  s e l e c t i n g  p a r t i c -  
u l a r  c o a t i n g  materials and wrapping f o r  s p e c i f i c  a p p l i c a t i o n s ,  
such a s  bonding,  resistance t o  d e t e r i o r a t i o n  from s o i l  contami- 
n e n t s ,  economics, r e s i s t a n c e  t o  s o i l  s t ress ,  p a s t  e x p e r i e n c e ,  
p e r m e a b i l i t y ,  e l e c t r i c a l  p r o p e r t i e s ,  h igh  tempera ture  d e t e r i o r a -  
t i o n ,  e tc .  

3 .  A p p l i c a t i o n  of p i p e  c o a t i n g  mate r ia l  to p i p e :  
.I 

(a)  Under what c o n d i t i o n s  do you p r e f e r  p l a n t  a p p l i e d  c o a t i n g s ?  
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(b)  Under what c o n d i t i o n s  do you p r e f e r  over- the- di tch  
a p p l i e d  c o a t i n g ?  

(c)  Check t h e  f o l l o w i n g  f i e l d  p r a c t i c e s  which your company 
u s e s  t o  i n s u r e  good c o a t i n g s ?  

(1) F i e l d  i n s p e c t i n g  cl 
( 2 )  Holiday d e t e c t i n g  El 
( 3 )  Rock s h i e l d i n g  

. ( 4 )  Sand B a c k f i l l i n g  i n  rock  
areas U 

( 5 )  Other  ( s p e c i f y )  n 

4 .  A p p l i c a t i o n  of c o a t i n g  mater ia ls  t o  p i p e  a t  j o i n t s  and 
appur tenances  : 

( a )  L i s t  t h e  mater ia ls  c u r r e n t l y  used t o  coat f i e l d  j o i n t s  
and appur tenances :  

(b )  D o  you use  a h o l i d a y  d e t e c t o r  t o  check t h e  e f f e c t i v e n e s s  
of c o a t i n g s  a p p l i e d  t o  f i e l d  j o i n t s ,  main l i n e  v a l v e s ,  
f l a n g e s ,  t a p s ,  e tc .  
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S e c t i o n  I11 - Cathodic  P r o t e c t i o n  

1. Check t h e  t y p e s  of rectifiers used by your company: 

(a) Selenium 

(b)  S i l i c o n  

(e) Copper ox ide  

(d) Other  ( s p e c i f y )  0 

2 .  Give t h e  number of g e n e r a t o r s  used  by t h e  company: 

(a )  Fue l  powered 

(b)  P u l s e  

( c )  S o l a r  

( d )  The rmoe lec t r i c  

(e )  Wind 

(f) Other  ( s p e c i f y )  

your company wi th  t h e  numerals  1, 2 ,  3 ,  ... i n  o r d e r  of d e c r e a s i n g  
use :  

3. I n d i c a t e  t h e  r e l a t i v e  q u a n t i t y  of g a l v a n i c  anodes i n s t a l l e d  by 

( a )  Aluminum 

(b)  Magnesium 

(c) Zinc 

(d)  O t h e r  ( s p e c i f y )  

fo l l owing  nonga lvan ic  anodes accord ing  t o  performance:  
4 .  I d e n t i f y  by number 1 ( b e s t ) ,  2 ,  3 ,  ... o r  (E)  e x p e r i m e n t a l ,  t h e  - 

Anode Material 

( a )  Graph i t e  i n  coke b reeze  

(b) Graph i t e  

E a r t h  Marine 
Exposure Exposure 

(c)  Lead 
190 



4. (con t inued)  

Anode Material 

( d )  Lead- Si lver  a l l o y  

(e)  High s i l i c o n  cas t  i r o n  i n  
coke b r e e z e  

( f )  High s i l i c o n  cast  i r o n  

(9) Scrap  i r o n  i n  coke breeze 

( h )  Sc rap  i r o n  

(i) P l a t i n i z e d  t i t a n i u m  

( j )  P l a t i n i z e d  t a n t a l u m  

(k) Other  ( s p e c i f y )  

Marine E a r t h  
Exposure Exposure 

5 .  Ca thod ic  P r o t e c t i o n  Conductors:  

( a )  L i s t  t y p e s  of  c a t h o d i c  p r o t e c t i o n  conduc to rs  used by 
your  company : 

( b )  Check method c u r r e n t l y  used by your  company f o r  a t t a c h i n g  
conductor  t o  p i p e :  

(1) Thermit  p r o c e s s  

( 2 )  S o l d e r  

( 3 )  Conductor b razed  t o  s t ee l  
coupon welded t o  p i p e  

(4) B o l t e d  connec t ion  

( 5 )  O t h e r  ( s p e c i f y )  
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(c) What p rocedure  i s  used t o  a t t a c h  conduc tor  t o  h i g h- s t r e n g t h  
(X52 or above) s teel  p ipe?  

(d)  D o  you pos t- hea t  conductor  connec t ions  t o  h i g h- s t r e n g t h  
s t ee l  p ipe?  

Y e s  NO 

If so ,  a t  what t empera ture?  

6 .  I d e n t i f y  by number 1, 2 ,  3 ,  ..., t h e  fo l l owing  g a l v a n i c  anodes 
acco rd ing  t o  d e c r e a s i n g  performance? 

Anode Material 
E a r t h  Marine 

Exposure Exposure 

(a )  Aluminum 

(b)  Magnesium 

(c)  Zinc 

(d) Other ( s p e c i f y )  

7 .  P r o t e c t i o n  C r i t e r i a :  

(a) For t h e  purpose  of t h i s  q u e s t i o n n a i r e ,  t h e  fo l l owing  d e f i n i -  
t i o n s  w i l l  app ly :  

P i p e- t o- s o i l  ( e l e c t r o l y t e )  p o t e n t i a l :  The v o l t a g e  d i f f e r -  
e n c e  between a b u r i e d  p i p e  s u r f a c e  and t h e  e l e c t r o l y t e  a s  
measured w i t h  a s a t u r a t e d  copper- copper s u l f a t e  h a l f  ce l l  

- 

i n  c o n t a c t  w i t h  t h e  e l e c t r o l y t e .  . 

Open- ci rcu i t  P o t e n t i a l :  The d i f f e r e n c e  i n  v o l t a g e  between 
a p i p e  s u r f a c e  and a s a t u r a t e d  copper- copper s u l f a t e  h a l f  
cel l  i n  c o n t a c t  w i t h  t h e  e l e c t r o l y t e  under a c o n d i t i o n  of 
no c u r r e n t  f l c w .  

- 

1 9 2  
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Vol tage  S h i f t :  The n e g a t i v e  v o l t a g e  s h i f t  as measured 
between t h e  p i p e  s u r f a c e  and a s a t u r a t e d  copper- copper 
s u l f a t e  h a l f  c e l l  i n  c o n t a c t  w i t h  t h e  e l e c t r o d e .  T h i s  
i s  t h e  d i f f e r e n c e  i n  p i p e- t o- s o i l  p o t e n t i a l  b e f o r e  and 
a f t e r  t h e  a p p l i c a t i o n  of  p r o t e c t i v e  c u r r e n t ,  ( t h e  l a t t e r  
be ing  made w i t h  t h e  c u r r e n t  a p p l i e d ) .  

P o l a r i z a t i o n  Vol tage  S h i f t :  The n e g a t i v e  v o l t a g e  s h i f t  
measured between t h e  p i p e  s u r f a c e  and a s a t u r a t e d  copper-  
copper  s u l f a t e  h a l f  c e l l  c o n t a c t i n g  t h e  e l e c t r o l y t e .  
T h i s  p o l a r i z a t i o n  v o l t a g e  s h i f t  i s  determined by i n t e r r u p -  
t i n g  t h e  p r o t e c t i v e  c u r r e n t  and measuring t h e  p o l a r i z a-  
t i o n  decay.  

T a f e l  segment,  T a f e l  l i n e ,  T a f e l  s l o p e ,  T a f e l  diagram: 
When a p i p e  s u r f a c e  i s  p o l a r i z e d ,  i t  f r e q u e n t l y  w i l l  
y i e l d  a c u r r e n t  p o t e n t i a l  r e l a t i o n s h i p  over  a r e g i o n  
which can be approximated by: 

i n = + B l o g  - i - 
0 

where n = change from o p e n- c i r c u i t  p o t e n t i a l ,  i = t h e  
c u r r e n t  d e n s i t y ,  B and i = c o n s t a n t s .  The c o n s t a n t  
( B )  i s  a l s o  known as theOTafe1 s l o p e .  I f  t h i s  behav ior  
i s  obse rved ,  a p l o t  on s e m i l o g a r i t h m i c  c o o r d i n a t e s  i s  
known as  t h e  T a f e l  l i n e  and t h e  o v e r - a l l  diagram i s  
termed a T a f e l  diagram. 

( b )  I n  t h e  two columns of  t h e  t a b l e  below, show v o l t a g e  v a l u e s  
a t  which your company c o n s i d e r s  p r o t e c t i o n  has been ach ieved .  

C r i t e r i o n  ( i a )  
Used 

P r o t e c t e d  Vol tage  o r  A V  s h i f t  

Bare Coated 
(VO 1 t s  ) 

P i p e- t o- s o i l  p o t e n t i a l  

Vol tage  s h i f t  

P o l a r i z a t i o n  v o l t a g e  s h i f t  

Vol tage  based on T a f e l  segment 
o f  E-log-I curve  (Check i f  used)  

193 
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Describe any o t h e r  method your  company may u s e  i n  d e t e r -  
mining when p i p e  i s  p r o t e c t e d  such  a s  measurement of 
c u r r e n t  loss  and g a i n  on t h e  s t r u c t u r e  or  c u r r e n t  t rac-  
i n g  i n  t h e  e l e c t r o l y t e  p e r p e n d i c u l a r  t o  t h e  p i p e l i n e ,  o r  
p o l a r i z a t i o n  p o t e n t i a l ,  e tc .  

( c )  With r e f e r e n c e  t o  p r o t e c t e d  p i p e ,  where does your  company 
normally  p l a c e  i t s  r e f e r e n c e  electrode? 

Bare Coated 

On s u r f a c e  ove r  p i p e  

Remote from p i p e  

I f  remote, p e r p e n d i c u l a r  
d i s t a n c e  from p i p e  

Immediately a d j a c e n t  t o  p i p e  

Other  ( s p e c i f y )  

F t .  F t .  

t 

1 9 4  
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( d )  What i.s y o u r  maximum p i p e- t o- s o i l  p o t e n t i a l  ( n u m e r i c a l l y )  
o r  i n s t a n t a n e o u s  open c i r c u i t e d  p o t e n t i a l  a t  t h e  r e c t i f i e r  
l o c a t i o n ?  Check t h e  p o t e n t i a l  t h a t  b e s t  d e s c r i b e s  t h e  
company p r a c t i c e .  

P ipe- to- So i l  P o t e n t i a l  
( V o l t s )  

up t o  1 . 5  

i.6 t o  2 . 5  

2 . 6  t o  3 . 5  

3 . 6  t o  5 . 0  0 

I n s t .  Open C i r c u i t  
P o t e n t i a l  ( V o l t s )  

up t o  1 . 0 0  

1 . 0 1  t o  1 .05  0 
1 . 0 6  t o  1 . 2 0  a 
Other  ( s p e c i f y  

and e x p l a i n )  
Other  ( s p e c i f y  

and e x p l a i n )  0 

(e )  Does your  company d e s i g n  i t s  c a t h o d i c  p r o t e c t i o n  i n s t a l l a t i o n s  
or  are  c o n s u l t a n t s  employed t o  do t h i s  work? 

( f j  D o  c o r r o s i o n  o r i e n t e d  t e c h n i c a l  p e r s o n n e l  check t h e  adequacy 
of t h e  i n s t a l l e d  c a t h o d i c  p r o t e c t i o n ?  ( I f  y e s ,  d e s c r i b e  
t h e  p rocedure . )  

. 

c 

195 
. .  
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S e c t i o n  I V  - S u r v e i l l a n c e ,  Con t ro l  and Maintenance 
1. If your  company u s e s  t h e  fo l l owing  s u r v e i l l a n c e  methods,  w r i t e  

t h e  l e t t e r s  o r  numerals "VJ" (week ly ) ,  "P?" (month ly) ,  1 ( a n n u a l l y ) ,  
2 ( b i a n n u a l l y ) ,  . . . 5  ( q u i n q u e n n i a l l y )  I . . . "U" (unschedu led ) ,  . . . I t R "  (on occas ions  when o p p o r t u n i t y  p r e s e n t s  i t s e l f )  I . . . 
o r  I'X" ( i n f r e q u e n t l y )  i n  t h e  a p p r o p r i a t e  column t o  i n d i c a t e  
t h e  f r e q u e n c i e s  of  such su rveys .  
Type of S u r v e i l l a n c e  o r  T e s t s  

( a )  Aerobic  b a c t e r i a  

( b )  Anaerobic  b a c t e r i a  

( c )  B e l l  h o l e  i n s p e c t i o n  ( c o a t i n g  and 
p i p e  c o n d i t i o n )  

( d )  Coa t iny  conductance survey  ( l o c a l )  

. 

( e )  Coa t ing  conductance su rvey  ( l o n g l i n e )  

(f) Coat ing  d i s c o n t i n u i t y  survey  (Pearson)  

( 4 )  E a r t h  c u r r e n t  t e s t  ( p i p e  v i c i n i t y )  

( h )  L ine  c u r r e n t  measurement 

(i) S u r f a c e  p o t e n t i a l  su rvey  

c lose  i n t e r v a l  

con t inuous  

(j) P i p e- t o- s o i l  p o t e n t i a l  su rvey  ( a t  
t e s t  s t a t  i o n s  1 

(k) Redox p o t e n t i a l  

(1) S o i l  r e s i s t i v i t y  survey* 

(m) Chemical a n a l y s e s  

( n )  C u r r e n t  i n t e r f e r e n c e  

.) 

( 0 )  Other  ( e x p l a i n  i n  d e t a i l )  . 

* C l a r i f y  by addinq t h e  a p p r o p r i a t e  l e t t e r  ( s )  "P" (p robe)  , " T E "  
(Wenner me thod ) ,  o r  " S "  ( S o i l  B o x ) .  

196 
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PART C : INTERFERENCE,  RESEARCH AND CASE HISTORIES 

S e c t i o n  I - C u r r e n t  I n t e r f e r e n c e  

1. L i s t  a l l  e l e c t r o l y s i s  o r  c o r r o s i o n  i n t e r f e r e n c e  committees i n  
which your company p a r t i c i p a t e s .  

2 .  U s e  t h e  numbers 1, 2 ,  3 ,  e t c . ,  t o  i n d i c a t e  t h e  major s o u r c e s  of 
i n f o r m a t i o n  abou t  t h e  p resence  of i n t e r f e r e n c e  c u r r e n t s :  

( a )  E l e c t r o l y s i s  or c o r r o s i o n  i n t e r f e r e n c e  committees 

( h )  D i r e c t  communication from o t h e r  companies 

( c )  C u r r e n t  and Vol tage  measurements 

( d )  Other  ( s p e c i f y )  

3.  How many d r a i n a q e  bonds between t h e  company's p i p i n g  and o t h e r  
s t r u c t u r e s  a re  e x i s t i n g ?  Descr ibe  major bonds. 

4 .  What c r i t e r i o n ( a )  i s  (are)  used t o  de te rmine  when i n t e r f e r e n c e  
h a s  been mi t iga ted?  

1 9 7  
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S e c t i o n  I1 - Research 

1. Is your cormany c u r r e n t l y  or has  

( a )  Engaged i n  c o r r o s i o n  r e s e a r c h ?  n Y e s  N o  

(b) Sponsored o r  c o n t r i b u t e d  t o  c o r r o s i o n  research? 

it, i n  t h e  p a s t :  

Y e s  No 
c 

2. If y e s ,  s t a te  t h e  major areas covered.  . 

3. Is your r e s e a r c h  work p r i m a r i l y :  F i e l d  a Labora tory  0 

4 .  What i n fo rma t ion  o r  r e s e a r c h  do you f ee l  i s  needed i n  t h e  f u t u r e  
for c o r r o s i o n  c o n t r o l  of underground and u n d e r w a t e r  p i p i n g ?  
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5, Do you know of any outstanding unpublished works on corrosion 
which are not generally available to the corrosion engineering 
profession? Obtain clearance from author(s) and/or company of 
such unpublished works before responding affirmatively. 

[73 Y e s  No 
+ 

6 ,  If yes, please list title, author, and how they can be secured. 

c 

-. PART D: ADDITIONAL INFORMATION 

Please discuss underground or underwater piping corrosion problems 
n o t  specifically mentioned in the questionnaire or expand on any 
question. 

. 

PART E: PIPELINE CASE HISTORIES 

At your company's option, supply case history information for 
pipifig installations which you feel would be of benefit. 

1 9 9  
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TABLE 4 9  

r 

ELECTROLYSIS OR CORROSION INTERFERENCE COMMITTEES 

AGA Corrosion Committee 

Arizona Corrosion Correlating Council 

AWWA National Underground Corrosion 
Committee 

Baltimore-Washington Electrolysis Committee 

Birmingham Electrolysis Committee 

Canadian Gas Association Corrosion Control . 

Committee , 

Central California Cathodic Protection 
committee 

Central Ohio Corrosion Coordinating Committee 

Chicago Area Joint Electrolysis Committee 

Chicago Region Committee on Underground 
Corrosion 

Cleveland Committee on Corrosion 

Columbus and Central Ohio Committee on 
Corrosion 

Connecticut Committee on Corrosion 

Corpus Christi Coordinating Committee 

Corrosion Subcommittee of Kentucky Gas 
Association 

Dade County Utilities (Florida) 

Dayton, Ohio, Corrosion Committee 

Denver Xetropolitan Committee on Corrosion 
(not active) 

Des Moines Electrolysis Committee 

Detroit and Michigan Committee on Electrolysis 

East Bay Electrolysis Coordinating Committee 
(Oakland, California) 

2 0 1  



Eastern Montreal Electrolysis Committee 

Eastern New York Corrosion Coordinating 
Committee 

Eastern Ohio Corrosion Coordinating Committee 

Eastern Pennsylvania Corrosion Committee 

El Paso Area Corrosion Correlating Committee 

Flagstaff, Arizona, Underground Corrosion 
Correlating Committee 

Greater Boston Electrolysis Committee 

Greater Indiana Corrosion Committee 

Greater New York Committee on Corrosion 

Illinois-St. Louis Committee on Underground 
Corrosion 

Indiana Corrosion Committee 

Ind-iana Gas Association Subcommittee 

Indianapolis Committee on Corrosion 

Inter-Association Steering Committee 
on HVDC 

Joint Committee for the Protection of 
underground Structures in Alameda and 
Contra Costa Counties (California) 

Kentucky Corrosion Coordinating Committee 
(Kentucky Gas Association) 

Lafayette, Louisiana, Underground Corrosion 
Correlating Committee 

Los Angeles, California, Underground Corrosion 
Correlating Committee 

Louisiana Coordinating committee 

Louisville Electrolysis Committee 

Maryland State Public Service Commission 

Massachusetts Committee on Corrosion 

2 0 2  



Midwest Gas Association (Wisconsin) 

Milwaukee Area Corrosion Committee 

Minnesota Corrosion Committee (inactive) 

National Association of Corrosion Engineers (NACE) 

National Task Force on HVDC 

New Jersey Committee on Corrosion 

Northeastern Ohio Corrosion Coordinating 
Committee 

Northwest Electrolysis Coordinating Committee 
(San Francisco) 

Northwest Electrolysis Coordinating Council 
(Oregon/Washing ton) 

Northwest Pacific Electrolysis Coordinating 
Council (Vancouver, B. C. ) 

Northwest Pipe Line Operators (Oregon/Washington) 

Ohio Area Committee on Underground Corrosion 

Ok-Ark-La-Tex Corrosion Committee 

Omaha and Council Bluffs Electrolysis 
Committee 

Oregon Corrosion Committee, Dalles 

Pacific Coast Gas Association Corrosion 
Mitigation Committee (San Francisco) 

Philadelphia Electrolysis Committee 

Pittsburgh Public Service Coordination 
Committee 

Public Utilities Commission Corrosion 
Committee (Ontario, Canada) 

San Diego County Underground Corrosion 
Committee (California) 

San Francisco Electrolysis Committee 

Southern California Cathodic Protection 
Committee 

, 2 0 3  



Southern Idaho-Eastern Oregon Underground 
Corrosion Committee 

Southern Ontario Council on Electrolysis 
Northern Technical Committee 
Western & Central Committee 

Southern West Virginia Corrosion Coordinating 
Committee 

South Florida Corrosion Council 

Southwest British Columbia Electrolysis 
Coordinating Council 

St. Louis, Missouri, Underground Corrosion 
Correlating Committee 

Tidewater Corrosion Control Committee (inactive) 

Toledo and Northwestern Ohio Committee on 
Corrosion 

Western Inter-Utility HVDC Committee for 
Earth Current and Inductive Coordination 
Studies 

Western New York State Corrosion Committee 

Western Ohio Corrosion Coordinating Committee 

Western Pennsylvania Corrosion Coordinating 
Committee 

Wisconsin Utilities Association 

Wyoming Underground Corrosion Coordinating 
Committee 

2 0 4  
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ALPHABETICAL LISTING OF 
ORGANIZATIONS AND SOCIETIES WITH INTERESTS IN CORROSION 

AND CORROSION CONTROL 
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ORGANIZATIONS AND SOCIETIES 

Table  5 0  l i s ts  many o r g a n i z a t i o n s  concerned i n  one way o r  

ano the r  w i t h  c o r r o s i o n  and c o r r o s i o n  c o n t r o l .  A c t i v i t i e s  i n-  

c lude  research, meet ings ,  s h o r t  c o u r s e s ,  p u b l i c a t i o n  of mono- 

graphs  and j o u r n a l s ,  adv ice  and problem s o l v i n g ,  promotion of 

commercial i n t e r e s t ,  promulgat ion of s t a n d a r d s  and s p e c i f i c a -  

t i o n s ,  lobbying ,  l e g a l  r e p r e s e n t a t i o n  fo r  some p a r t i c u l a r  i n -  

d u s t r y ,  e t c .  

2 0 6  



TABLE 5 0  

ORGANIZATIONS AND SOCIETIES W I T H  INTERESTS I N  CORROSION 
AND CORROSION CONTROL 

American Academy of Microbiology (RAM) 

V e r o  Beach, F l o r i d a  3 2 9 6 0  
P. 0 .  Box 897 

American C h e m i c a l  S o c i e t y  (ACS) 
115 5 S i x t e e n t h  S t r e e t ,  NW. 
Washington, D.C.  25036 

American Concre te  I n s t i t u t e  ( A C I )  
P .  0 .  Box 4754 
Redford S t a t i o n  
De t ro i t ,  Michigan 48219 

American Concre te  I n s t i t u t e  
Dept. of t h e  Army, Jackson  I n s t a l l a t i o n  
Concre te  D i v i s i o n ,  P. 0.  D r a w e r  2 1 3 1  
Jackson ,  M i s s i s s i p p i  39205 

American Concre te  P i p e  Associa t ion  
1815 North F o r t  Myer Drive  
A r l i n g t o n ,  V i r g i n i a  2 2 2 0 9  

American Concre te  P r e s s u r e  P i p e  A s s o c i a t i o n  
1815 North F o r t  Myer Drive 
A r l i n g t o n ,  V i r g i n i a  2 2 2 0 9  

American G a s  A s s o c i a t i o n  
6 5 5  Th i rd  Avenue 
New York, N e w  York 10016  

American I n s t i t u t e  of B i o l o g i c a l  S c i e n c e s  ( A I B S )  
2000 P S t r e e t ,  N.W. 
Washington, D.C.  20036 

American l n s t i t u t e  of Chemical Eng ineers  (AIChE) 
345 E a s t  47th  S t r e e t  
N e w  York, N e w  York 1 0 0 1 7  

American I n s t i t u t e  of Chemists  
79 Madison. Avenue 
N e w  York, New York 1 0 0 1 6  

-American I n s t i t u t e  of C o n s u l t i n g  Engineers  ( A I C E )  
345 E a s t  47 th  S t r e e t  
N e w  York, N e w  York 1 0 0 1 7  
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American I n s t i t u t e  of I n d u s t r i a l  Engineers  ( A I I E )  
345 E a s t  4 7 t h  S t r ee t  
N e w  York, N e w  York 10017  

American I n s t i t u t e  of Mining, M e t a l l u r g i c a l ,  

3 4 5  E a s t  4 7 t h  Street 
N e w  York, N e w  York 1 0 0 1 7  

and Petroleum Engineers  

American I n s t i t u t e  of P l anne r s  
917 F i f t e e n t h  Street ,  N.W. 
Room 8 0 0  
Washington, D .C .  2 0 0 0 5  

American I n s t i t u t e  of P l a n t  Engineers  (AIPE)  
1347 Meier S t r e e t  
C i n c i n n a t i ,  Ohio 45208 

American Material Handling S o c i e t y  
815 S u p e r i o r  Avenue, N.E. 
C leve land ,  O h i o  4 4 1 1 4  

American Me teo ro log i ca l  S o c i e t y  
45 Eeacon S t ree t  
Boston,  Massachuse t t s  02108 

American Municipal  A s s o c i a t i o n  (AMA) 
1 6 1 2  K S t r e e t ,  N.W. 
Nashington,  D.C. 20006  

American Petroleum I n s t i t u t e  ( A P I )  
1 2 7 1  Avenue of t h e  Americas 
New York, N e w  York 1 0 0 2 0  

American Petroleum I n s t i t u t e  
P i p e l i n e  D i v i s i o n  
1 1 0 1  Seven teen th  S t ree t ,  N.W. 
Washington, D.C. 20005 

American P ipe  ti C o n s t r u c t i o n  Company 
4 0 0  South A t l a n t i c  Avenue 
Monterey P a r k ,  C a l i f o r n i a  91754 

American P u b l i c  Works A s s o c i a t i o n  [APWA) 
1313 E a s t  6 0 t h  S t r e e t  
Chicago,  I l l i n o i s  60637 

American Railway Engineer ing  A s s o c i a t i o n  
59 E a s t  Van Buren Street 
Chicago,  I l l i n o i s  60605 

American S o c i e t y  of B i o l o g i c a l  C h e m i s t s  (ASBC) 
9650 Wisconsin Avenue 
Washington, D.C. 2 0 0 1 4  

2 0 8  



American S o c i e t y  of C i v i l  Eng ineers  (ASCE) 
P i p e l i n e  D i v i s i o n  
345 E a s t  47th S t r e e t  
New York, N e w  York 10017 

American S o c i e t y  of Mechanical  Eng ineers  
345 Eas t  47th  S t r e e t  
N e w  York, N e w  York 10017 

American S o c i e t y  of Microbiology (ASM) 
115 IIuronview Boulevard 
Ann Arbor,  Michigan 4 8 1 0 3  

American S o c i e t y  of S a f e t y  Engineers (ASSE) ' 

5 North Wabash Avenue 
Chicago,  I l l i n o i s  6 0 6 0 2  

American S o c i e t y  f o r  Metals 
Metals Park ,  Ohio 44073 

American S o c i e t y  f o r  T e s t i n q  and Materials 
1 9 1 6  Race S t r e e t  
P h i l a d e l p h i a ,  Pennsy lvan ia  1 9 1 0 3  

American Water Works A s s o c i a t i o n  
2 Park  Avenue 
New York, ?Jew York 1 0 0 1 6  

American lirelding S o c i e t y  
345 E a s t  47th  S t r e e t  
N e w  York, New York 1 0 0 1 7  

Aspha l t  I n s t i t u t e ,  The 
U n i v e r s i t y  of Maryland 
Col lege  Park ,  Maryland 2 0 7 4 2  

A s s o c i a t i o n  of American R a i l r o a d s  
5 9  E a s t  Van Buren S t r e e t  
Chicago,  I l l i n o i s  6 0 6 0 5  

A s s o c i a t i o n  of C o n s u l t i n g  Chemists  and Chemical 

5 0 1  F i f t h  Avenue 
New York ,  N e w  York 10017 

Ens i- ne  e r s 

A s s o c i a t i o n  of O i l  P i p e l i n e s  
S u i t e  1 2 0 8 ,  RCA B u i l d i n g  
1725 X S t r e e t ,  N.W. 
Washington, D . C .  2 0 0 0 6  

B a t t e l l e  Memorial I n s t i t u t e  (BMI) 
505 King Avenue 
Columbus, Ohio 43201 

2 0 s  



British Association of Corrosion Engineers 
London, England 

British Cast Iron Research Association (BCIPA) 
London, England 

British Electrical and Applied Industries 

London, England 
Research Association 

British Iron & Steel Research Association (BISRA) 
London , England 

Cast Iron Pipe Research Association (CIPRA) 
Suite 3440, Prudential Plaza 
Chicaqo, Illinois 60601 

Cast Iron Soil Pipe Foundation 
6723 South Western Avenue 
Los Angeles, California 90047 

Central Electrochemical 
Research Institute 

Karaikudi, India 

Centro Sperimentale Metallurgic0 
Rome, Italy 

Clay Pipe Institute 
2600 Wilshire Boulevard 
Los Angeles, California 90057 

Copper Development Association, Inc. 
405 Lexington Avenue 
New York, New York 10017 

Corrosion Center 
Ohio State University 
North High Street 
Columbus, O h i o  43210 

Corrosion Engineering & Research Co. 
130 North San Miguel Road 
Concord, California 94520 

Council of State Governments (CSG) 
1313 East 60th Street 
Chicago, Illinois 60637 

Department of Water: Resources 
State of California 
P. 0. Box 388 
Sacramento, California 95814 

2 1 0  



Elec t rochemica l  S o c i e t y  (Cor ros ion  D i v i s i o n )  
30 E a s t  42nd S t r e e t  
N e w  York, New York 1 0 0 1 7  

European Corros ion  F e d e r a t i o n  
B r u s s e l s ,  Belgium 

European F e d e r a t i o n  of Cor ros ion  
BuZapest,  Sunqary 

F e d e r a t i o n  of Societies f o r  P a i n t  Technology 
1 2 1  South Broad St ree t  
P h i l a d e l p h i a ,  Pennsy lvan ia  19107 

F l u i d  Power S o c i e t y  
P.  0. Box 4 9  
T h i e n s v i l l e ,  Wisconsin 53092  

(FSPT) 

Hiqhway Research Board 
D iv i s ion  of Engineer ing  and I n d u s t r i a l  Research 
N a t i o n a l  Academy of Sc i ences- Na t iona l  Research 

2 1 0 1  C o n s t i t u t i o n  Avenue, N.W. 
Washington, D . C .  20418 

Counci l  

H o m e r  Research Labora tory  
Bethlehem S t e e l  Company 
Bethlehem, Pennsy lvan ia  1 9 0 1 6  

Hydrau l ic  I n s t i t u t e  
1 2 2  E a s t  42nd S t ree t  
New York ,  N e w  York 1 0 0 1 7  

Independent  O i l  Producers  Agency 
7 1 4  West Olympic Boulevard 
Los Ance les ,  C a l i f o r n i a  9 0 0 1 5  

I n s t i t u t i o n  of Cor ros ion  Technology 
London, England 

I n s t i t u t e  of Electr ical  and E l e c t r o n i c s  Engineers  
Box A ,  Lenox H i l l  S t a t i o n  
New York,  New York 1 0 0 2 1  

I n s t i t u t e  of M a t e r i a l s  Research 
N a t i o n a l  Bureau of S tandards  
Ga i the r sbu rg ,  Maryland 20760 

I n s t i t u t e  of P h y s i c a l  Chemistry 
Buchares t ,  Rumania 

I n s  ti t u  t e  of P hy s i c a 1 C h e m i  Y t r y  
Academy of Sc i ences  
U.S.S.R. 

2 1 1  



I n t e r n a t i o n a l  N i c k e l  Company, I n c .  
67 Wall S t ree t  
New York, New York 1 0 0 0 5  

Lead I n d u s t r i e s  A s s o c i a t i o n ,  I n c .  
292 Madison Avenue 
New York,  New York 1 0 0 1 7  

Manufacturers  S t a n d a r d i z a t i o n  S o c i e t y  of t h e  Valve 

420  Lexington Avenue 
N e w  York,  New York 10017  

and F i t t i n g  I n d u s t r y  

Massachuse t t s  I n s t i t u t e  of Technology 
Cambridge, Massachuse t t s  02138 

K e t a l l u r g i c a l  S o c i e t y  of AIME 
345 E a s t  47th  Street  
N e w  Y o r k ,  N e w  York 10017  

Yidwest O i l  R e g i s t e r ,  I nc .  
D r a w e r  7 2 4 8 ,  Sou ths ide  S t a t i o n  
T u l s a ,  Oklahoma 74105 

?<ontgomery Research,  Inc .  
5 5 5 Walnut Street  
Pasadena,  C a l i f o r n i a  91101  

Na t iona l  A s s o c i a t i o n  of Cor ros ion  Engineers  
2 4 0 0  West Loop South 
Houston, Texas 7 7 0 2 7  

N a t i o n a l  A s s o c i a t i o n  of P ipe  Coa t ing  A p p l i c a t o r s  
2504 Flournoy-Lucas Road 
Shrevepor t ,  Lou i s i ana  71106  

N a t i o n a l  Board of Boi le r  and P r e s s u r e  Vessel I n s p e c t o r s  
1155 North High S t ree t  
Columbus, Ohio 4 3 2 1 0  

Na t iona l  Bureau of S t anda rds  
Washington, D . C .  20234 

Y a t i o n a l  C e r t i f i e d  P ipe  Welding Bureau 
6 6 6  Th i rd  Avenue, S u i t e  1 4 6 4  
N e w  York, New York 1 0 0 1 7  

N a t i o n a l  Petroleum Counci l  (NPC) 
1 6 2 5  K S t ree t ,  N.W. 
S u i t e  6 0 1  
Washington, D.C. 20006  

. 

N a t i o n a l  Research Cen te r  
Dokk i-Cairo 
Uni ted Arab Republ ic  
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N a t u r a l  Gas P r o c e s s o r s  A s s o c i a t i o n  
429  Kennedy Bu i ld ing  
T u l s a ,  Oklahoma 7 4 1 0 3  

N e w  England Water Works A s s o c i a t i o n  
7 3  Tremont Street  
Boston,  Massachuse t t s  02108  

O f f i c e  of P i p e l i n e  S a f e t y  
U.S. Department of T r a n s p o r t a t i o n  
4 0 0  S i x t h  S t ree t ,  S.W. 
Washington, D .C .  2 0 0 2 4  

Ohio S t a t e  U n i v e r s i t y  
Department of M e t a l l u r g i c a l  Engineer ing  
1 1 6  West 1 9 t h  Avenue 
Columbus, Ohio 4 3 2 1 0  

Petroleum I n d u s t r y  Research Foundat ion 
6 0  E a s t  42nd Street  
N e w  York, New York 1 0 0 1 7  

P ipe  L i n e  C o n t r a c t o r s  A s s o c i a t i o n  
N a t i o n a l  Bank.ers L i f e  Bu i ld ing  
2 0 2  Sou th  Ervay 
D a l l a s ,  Texas 7 5 2 0 1  

P o r t l a n d  Cement A s s o c i a t i o n  
5 4 2 0  O l d  Orchard Road 
Skokie ,  I l l i n o i s  6 0 0 7 6  

Societ: Pg t ro l i g r e  de G&anee 
37 Avenge Pierre ler De-Serbie 
P a r i s  8 , France  

S o c i e t y  of Consu l t i ng  Cor ros ion  Engineers  
205- 627 E igh th  Avenue 
Calgary 2 ,  Canada 

S o c i e t y  f o r  Exper imental  Stress Analysis 
2 1  Bridge Square  
Wes tpor t ,  Connec t i cu t  06880 

S o c i e t y  for General  Systems Research (SGSR) 
787 Uni ted Na t ions  P l a z a  
New York, New York 1 0 0 1 7  

S o c i e t y  of Materials Sc i ence  
Tokyo, Japan  

S o c i e t y  for Non-Destructive T e s t i n g  (SNT) 
9 1 4  Chicago Avenue 
Evanston,  I l l i n o i s  6 0 2 0 2  



S o c i e t y  of Petroleum Engineers  of AIME 
6300 North C e n t r a l  Expressway 
Dal las ,  Texas 75206 

S o c i e t y  of P l a s t i c s  Engineers ,  I n c .  
65 P r o s p e c t  Street  
Stamford,  Connec t icu t  06902  

Southern C a l i f o r n i a  Meter A s s o c i a t i o n  
1333 Sombrero Drive  
Monterey Pa rk ,  C a l i f o r n i a  91754  

S t a n f o r d  Research I n s t i t u t e  
T r a n s p o r t a t i o n  of L o g i s t i c s  Department 
Menlo Pa rk ,  C a l i f o r n i a  9 4 0 2 5  

S t a t e  of C a l i f o r n i a  T r a n s p o r t a t i o n  Agency 
Department of P u b l i c  Works 
D i v i s i o n  of Highways 
Materials and Research Department 
Route 1, Box 1 9 0 0  
West Sacramento,  C a l i f o r n i a  9 5 6 9 1  

S t a t e  Research I n s t i t u t e  f o r  t h e  P r o t e c t i o n  

Prague,  Czechoslavakia  
of Materials 

S tee l  D i T e  F a b r i c a t o r s  A s s o c i a t i o n  
1 9  South LaSa l l e  S t r e e t  
Chicago,  I l l i n o i s  6 0 6 0 6  

Ti tanium Metals Corpo ra t i on  of America 
2 3 3 Broadway 
N e w  York, N e w  York 1 0 0 0 7  

Uni ted S ta tes  of America S tanda rds  I n s t i t u t e  
(Formerly American S t anda rds  A s s o c i a t i o n )  
1 0  E a s t  40th Street  
New York, N e w  York 1 0 0 1 6  

Uni ted S ta tes  Committee on Large D a m s  of t h e  I n t e r n a t i o n a l  

3 4 5  E a s t  47th  S t ree t  
N e w  York, N e w  York 1 0 0 1 7  

U n i v e r s i t y  of  C a l i f o r n i a  a t  Berkeley 
111 Mechanics Bu i ld ing  
Berke ley ,  C a l i f o r n i a  9 4 7 2 0  

Commission of Large D a m s  

U n i v e r s i t y  of C a l i f o r n i a  a t  ? A s  Angeles 
Depratment of Engineer ing  
Los Angeles ,  C a l i f o r n i a  90024 

U n i v e r s i t y  of Texas 
Aus t in ,  Texas 78712 
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U r a l  S c i e n t i f i c  Research I n s t i t u t e  

U . S . S . R .  
of F e r r o u s  Metals 

U.S. Bureau of R e c l a m a t i o n  
Eng ineer ing  Laboratories 
Denver Federal C e n t e r  
Denver,  Colorado 80225 

U . S .  Naval C i v i l  Eng ineer ing  Labora to ry  
P o r t  Hueneme, C a l i f o r n i a  9 3 0 4 1  

U.S. Department o f  I n t e r i o r  
Washington, D.C.  20024 

Valve Manufacturers  A s s o c i a t i o n  
6 0  E a s t  42nd Street  
N e w  York, New York 1 0 0 1 7  

Washington S ta t e  U n i v e r s i t y  
D i v i s i o n  of I n d u s t r i a l  Research 
Pullman, Washington 9 9 1 6 3  

Welding Research Counci l  
345 E a s t  4 7 t h  Street 
N e w  York, N e w  York 10317  
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